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Studies on enzyme inhibitors are frequently 
reported in terms of the percent inhibition in 
comparison with a control containing no in- 
hibitor. It is the purpose of the present paper 
to show that this approach is frequently in 
danger of giving misleading results for the 
reason that with some inhibitors the percent 
inhibition is a function of the enzyme con- 
centration. As will be pointed out in the 
discussion, the existence of such inhibitors 
is of considerable importance from the stand- 
point of pharmacology, chemotherapy and 
related fields, and it is therefore of some im- 
portance to have an effective exp>erimental 
method for their recognition. 

The phenomenon which we propose to de- 
scribe is essentially the outcome of an “ir- 
rev'ersible” reaction between enzyme and in- 
hibitor, so that for all practical purposes the 
enzyme is effectively titrated or stoichio- 
metrically combined with a definite amount 
of inhibitor. From the theoretical standpoint 
the “irreversible” reaction between enzvTne 
and inhibitor may occur in a variety of ways; 
the simplest case is one in w’hich the enzjTne- 
inhibitor complex is theoretically reversible 

* This ^ ork w.as supported in part by a grant 
from the Public Health Serrice and by the 
Jonatliau BoAvraan Fund for Cancer Kesearch. 

A preliminary report of this work was given at 
the Annual Meeting of the American Association 
for Cancer Kescarch, April 16 and 17, 1949, 
(Cancer Research, 1949, 0, C02). 


but has a dissociation constant so small that 
the combination seems irreversible. We shall 
therefore refer to this type of inhibition as 
pseudo-irreversible. Equally possible is a 
situation in which the enzyme reacts with 
an inhibitor in a truly irreversible manner, 
that is to say, the enzyme is converted to a 
form which cannot be converted back into 
active enzyme. In either case, the amount of 
enzyme inactivated will depend not onlj' upon 
the amount of inhibitor but upon the amount 
of enzyme present. Regardless of the exact 
nature of the irreversibility, it can be recog- 
nized very simply b\' means of an experimental 
test; by determining the rate of reaction at 
different enzyme concentrations plus or minus 
inhibitor, it should be found that in the 
case of the controls, the rate is proportional to 
the enzyme concentration, so that a straight 
line through the origin is obtained when rate 
is plotted against enziune amount. In the 
presence of a reversible inhibitor a straight 
line through the origin also results, but the 
slope of the line is less than in the case of 
the control. In the case of an irreversible in- 
hibitor, the slope of the line is the same as 
that of the control but it will pass through the 
X-axis to the right of the origin by an amount 
that is proportional to the amount of inhibi- 
tor (see Bain^). This graphic test is not de- 


iBain, J. A., Pboc. Soc. Exp. Biol, axb Med., 
1949 , 72 , 9 . 
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pendent upon any theoretical assumptions as 
to the nature of the irreversibility and is of 
considerable value . in the interpretation of 
inhibitor data whether obtained isath pure 
enzymes, homogenates, minces, slices or whole 
cells. It is of interest that the curve for the 
pseudo-irreversible type of inhibitor is simply 
one of a family of curves, and that the curve 
for the reversible type can be obtained from 
the same general equation that is derived from 
the familiar iMichaelis-Menten equation in the 
theoretical part of this paper. With the same 
equation it can be shmim that when the dis- 
sociation constant of the enzyme-inhibitor 
complex has an intermediate value, the plot 
of activity against enzyme amount, yields a 
line that is intermediate between the two 
types described above. Since many of the 
recently discovered enzyme inhibitors appear 
to fall in this category the test may be of 
value in understanding their .action, since in 
these cases the per cent inhibition also depends 
upon the enzyme concentration. 

The fact that inhibitors may fall into 3 
broad categories depending upon the relation- 
ship between the dissociation constant of the 
enzyme-inhibitor complex and the concentra- 
tion of enzyme has been emphasized previous- 
ly by Straus and Goldstein^ and by Gold- 
stein They pointed out that previous mathe- 
matical treatments based on the Michaelis- 


Menten equation assumed “that the concen- 
tration of enzyme centers is constant and so 
small compared with the concentration of any 
substance with which it may combine that 
it may be neglected.” They called attention 
to the fallacy in this assumption and de- 
veloped the Michaelis-Menten equation along 
lines that include the factor of enzyme con- 
centration. f , ^ 

Our own observations and those of Bain 
are in accord with the conclusions of Straus 
and Goldstein-'^ and are believed to supple- 
ment their work by presenting a simple 
.graphic method for recognizing the situations 
“n which the older mathematical treatments 
are more or less inadequate. The graphic 


2 Straus, 0. H., and Goldstein, A., 


physiol., 1943, 2 
3 Goldstein, A. 


G, 559. 

, J. Gen. Physiol, 1944, 


J. 
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method is accompanied by a mathematical 
analysis in which one of the components of 
the graph (rate) is obtained as a function 
of the other component (enz3'me amount) in 
an equation involving other variables (sub- 
strate amount, inhibitor amount, enzyme-sub- 
strate dissociation constant, and enzyme-in- 
hibitor dissociation constant). The graphic 
method involves no assumptions as to the 
mechanism of inhibitor action, but in con- 
junction with the equation given it permits 
one to obtain an apparent dissociation con- 
stant for the enzyme-inhibitor complex. The 
word “apparent” is used here because in the 
case of an inhibitor which gives a line that 
intercepts the X-axis it would not be possible 
to decide from the graph whether the inhibi- 
tor was pseudo-irreversible (i.e., dissociation 
constant of enzyme-inhibitor complex very 
small) or truly irreversible. In addition, the 
apparent dissociation constant will be affected 
by die specificity of the inhibitor and the 
presence of other compounds with which it 
ma}' combine. It must be emphasized that 
the main purpose of the graph is not to 
determine the dissociation constants but to 
distinguish between the . reversible type of 
inhibitor and the “irreversible” inhibitors. It 
is believed that the graph will permit this 
distinction regardless of the presence of inter- 
fering compounds and no evidence to the con- 
trar\- has been obtained. 

The data given are for illustrative purposes 
onl}’^, and have no intrinsic interest except 
insofar as they illustrate the principles de- 
scribed above. For this work, succino.xidase 
was employed as the test sj'stem because pre- 
vious experience'* showed that it could be 

t The important contributions by Michaclis .and 
Mcntcn, by Haldane, and by Linciveaver and Burl; 
(referred to by Str.aus and Gold.stcin2.3) provide 
the foundation for the further expansion of the 
basic equations to include the amount of enzyme 
as a variable. The older equations are still very 
useful as well as appropriate in situations in uhich 
competitive inliibition betivcen reversible inhibitors 
and substrates occurs since in the.se situations 
variation in enzyme amount does not alTcct the 
per cent inhibition. The neivcr treatment is more 
appropriate in the ea.se of the P'eudo irreversible 

inliibitors. 
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inhibited by two tj^ies of inhibitors, the mal- 
onate-U-pe and the tj'pe that combines with 
sulfhydryl groups. MTiole homogenates were 
used as in the previous work, in which it was 
shown that the sulfhydryl inhibitors acted 
upon an essential group that could be pro- 
tected by malonate, although malonate would 
not protect other enzjmies against the sulfhy- 
drjd inhibitors. It thus seems clear that the 
sulfhydryl reagents used in this study inacti- 
vate succinosidase by direct interaction with 
the enzjTne. 

Experimental. Test System. In these 
studies the succinosidase system was em- 
ployed. In all experiments a 10% water 
homogenate of liver was prepared in the usual 
manner and used as a source of the succinic 
dehydrogenase after diluting to 2.5%. ■ The 
basal reaction mixture used was the same in 
all cases and prepared as previously de- 
scribed.® The concentration of inhibitors and 
homogenate are in the corresponding plots of 
the experimental data. The total volume of 
material in each flask was 3 ml and the 
temperature of the reaction 38°C. The rate 
of oxi'gen uptake per 10 minutes was de- 
termined on the basis of 4 successive 10- 
minute periods. With all inhibitors except 
oxalacetate in experiments reported in Fig. 1, 
the homogenate was incubated for 30 minutes 
at room temperature udth the inhibitor before 
the addition of succinate, since some inhibi- 
tors do not react instantly with the enzyme, 
and are affected by the presence of the 
substrate. 

Compoitnds Tested. The itaconic acid was 
obtained from the Chas. Pfizer Company while 
the malonic acid and quinone were obtained 
from the Eastman Kodak Company. Oxal- 
acetic acid was prepared from sodium ethyl 
oxalacetate. 

Results. Effect oj Enzyme Concentration. 
The reaction velocity for the enzymatic de- 
hj'drogenation of succinate to fumarate could 
be measured in terms of the oxygen taken up 
in successive 10-minute inten-als, since the 

I Potter, Y. E., and. Du Bois, K. P., J. Gen. 
Ptii/.xio!., 1943, 2G, 391. 

c Scimeider, TV. C., and Potter, V. E., J. Biol. 
Chem., 1943, 140, 217. 



Tile reaction velocity as measured by oxygen 
uptake for the enzymatic dehydrogenation of suc- 
cinate to fumarate in the presence and absence of 
inhibitors. The concentration of malonate was 
1 X 10-3M; oxalacetate was 6.7 X 10-5M and 
3.4 X lO-tiM ; copper sulfate was 1.3 X lO-iM and 
2.6 X ICMM; itaconate was 5 X quinone 

was 3.3 X 10-4M. In all cases the concentration 
of succinate was 5 X 10-2M. In the curve systems 
labeled malonate, oxalacetate, Cu SO4, itaconate 
and quinone, the broken lines represent activity in 
the presence ,of the inhibitors. The system of 
curves labeled theory were calculated from equa- 
tion (13) assuming for all cases S = 0 X IO- 2 II 
and K, = 10-3; for the solid curve It z= 0; for 
the broken curve K, == KM, I, = 1 X KMAI; 
for the dashed curve Ki ~ lO-c, I, = 5 X lO-aM; 
for the double lined curve K, = 10-9, I, = 1 X 
10-5M. 

succinic dehydrogenase is the limiting factor 
in the succinoxidase system when both cyto- 
chrome c and cytochrome oxidase are present 
in excess. It was established that the reaction 
rate in the absence of inhibitors was pro- 
portional to the amount of homogenate. Since 
a different liver homogenate was used for 
each e.xperiment, it was necessarj'^ to include 
controls each time an inhibitor was tested. 
It may be seen in Fig. 1 that the control data 
in each instance (open circles) jdelded a 
satisfactorily straight line that passes through 
the origin. 

Howei’er, when such data were obtained 
with various inhibitors present and were 
plotted in the same manner, significant dif- 
ferences between the inhibitors were revealed 
insofar as they were affected by enzyme con- 
centration. 
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In the presence of malonate or itaconate 
(Fig. 1), which are structurally similar to 
succinate, the rate of dehydrogenation was 
also proportional to the enzyme concentration, 
but the slope of the line was less than in the 
case of the controls. The.per cent inhibition 
was thus the same at any concentration of 
enzyme and depended solely upon the con- 
centration of inhibitor since the succinate con- 
centration was constant. 

In contrast to the data obtained with 
malonate and itaconate, o.xalacetate, which 
also bears a close structural relationship to 
succinate, yielded data that do not fall on 
a line through the origin, but rather on a line 
which appears to intercept the enz3'me a.xis 
(Fig. 1). 

Even more striking are the results mth 
quinone and copper (Fig. 1). Here the 
data fell on lines that tend to be straight 
and parallel to the control. With these 
inhibitors the per cent inhibition is clearly 
related not only to the inhibitor concentra- 
tion but also to the enzyme concentration. 


Interference Phenomenon •mith Irreversible 
Inhibitors. In earlier studies on succinoxi- 
dase'* it was showm that the inhibition pro- 
duced by malonate was instantaneous and in- 
dependent of the order of addition of sub- 
strate and inhibitor. This was in contrast 
to results obtained with agents like quinone 
and copper, which produced a slowly increas- 
ing per cent inhibition that was strongly 
affected by the presence or absence of suc- 
cinate or, indeed, of malonate. In the pres- 
ence of succinate or malonate,_the sulfhydryl 
inhibitors react more slowly with the enzyme 
than they do when both of these compounds 
are absent. more detailed experiment on 
this point is reported in Fig. 2. In this e.\- 
periment a series of Warburg flasks was 
prepared with the usual reaction mixture bu 
L succinate, and with an equal amount of 
tissue in each flask. At zero time copper^n 
the form of CuSO^ was added to all of the 
flasks and at successive intervals succinate 
was added from the side arm and ox>;gen 
uptake was measured. The continuous lines 
represent the rate of oxj'gen uptake durm 
;SSve lO-minute time intervals after the 



Fio. 2. 

Bate of inactivation of succinic deliyclrogcnaso 
by copper in tlie presence and absence of succin.ate. 
TIic final concentrations of succinate and of Cu 
SO 4 wore 0.067 SI and 3.3 X lO-^SI, respectively. 
TIic solid circles represent extrapolated points. 
The open circles are experimental points. 

addition of succinate, and show that when 
succinate was present no inactivation of the 
enzyme by the copper occurred, since the de- 
cline in rate was no greater than in the con- 
trols. The broken line indicates the rate of 
enzyme inactivation b.v copper when no suc- 
cinate was present, and shows that a progres- 
sive decrease in active enzyme occurred as 
long as succinate was absent, but as soon as 
succinate was added the process of inactiva- 
tion ceased abruptly. This e.xperiment shows 
that succinate interferes with the reaction be- 
tween copper and succinic dehydrogenase, 
while copper once combined with the enzj'me 
cannot be effectively' displaced bj"^ succinate. 
When larger amounts of sulfhj'dryl inhibi- 
tors were added to the succino.xidase system, 
it was possible to progressively inhibit the 
enzi'me even in the presence of succinate, al- 
though not as rapidly as in the absence of 
succinate. It is clear that copper and suc- 
cinate compete for the enzyme and that their 
reactions with it are mutually exclusive as 
suggested earlier in the case of quinone.' For 
the present we shall refer to this type of 
effect as an “interference phenomenon” and 
will not attempt to describe it as competitive 
inhibition. But it must be pointed out that 
the latter term is a purely operational concept 
that is at present restricted to reversible in- 
hibitors. The e.xperimental approach indi- 
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cated in Fig. 2 provides a means of studjdng 
competition between substrates and irreversi- 
ble inhibitors during the course of the reac- 
tion between the inhibitor and the enzyme as 
opposed to competition during the measure- 
ment of enzynne activity. It is proposed that 
this kind of competition be called intcrjcrence 
in order to avoid needless confusion in ter- 
minology. 

Theoretical. To derive an e.vpressiQn in 
which ES is expressed as a function of Et, S, 
It, Ks, and Ki, the symbols listed below were 
used: 

E, = Total Enzyme Concentration. 

Ef =: Encomliincd Enzyme Concentration. 

El = Enzyme-InliiVitor Complex Concentration. 
ES = Enzj-me-Substrate Complex Concentration. 
S =; Total Substrate Concentration. 

S, = Encoinbinetl Substrate Concentration. 

E =z Product Concentration. 

Ki = Enzyme-Inllibitor Comple.x Dissociation 
Constant. 

K, = Enzyme-Substrate Complex Dissociation 
Constant. 

1, =: Total Inbibit or Concentration. 

If = Eneombined Inbibitor Concentration, 
k = Velocity Constant. 

The equation was developed along lines 
similar to the familiar ^lichaelis-Menten 
equation but includes more variables.* The 
following assumptions were made: 

(a) The reaction between enzyme and sub- 
strate or inhibitor can be formulated as in 
equations (1) and (2): 

E, -f s, - ES — » p -1- Ef (1) 

E, I, - El (2) 

(b) Where (S) is very large, (St) is as- 
sumed to equal (S) and (Ei) approaches zero. 

(c) The total inhibitor concentration is 
equal to the sum of the uncombined and 
combined forms. 

(I.) =: (If) + (EI) (3) 

(d) The total enzyme concentration is the 
sum of the uncombined enzyme, that combined 
with the inhibitor and that combined with the 
substrate 

(E,) (Ef) + (EI) -b (ES) (4) 

.\n equation in which ES is expressed as 
a function of Ei, S, R, K, and Kj may now 
be derived. 

From expressions (1) and (2) and the 
mass law one can wite: 


(Ef) (Sf) 


K. 

(5) 

(ES) 


(Ef) (If) 


= K, 

(6) 


(EI) 

By substituting the value of (EI) from (6) 
into (3) and rearranging one obtains expres- 
sion (7). 

(Ef)- 


(If) = (I,)/ 1 -f 




(■) 


If one substitutes (If) of expression (7) 
into (6), solves the resulting expression for 
(EI) and substitutes what is then equivalent 
to (EI) into (4) one arrives at expression (8). 
(Ei) (I.) 

( 8 ) 


(E.) = (Ef) -b 


K, 


1 + 


(Ef) 

K, 


(ES) 


Since from (b), (Ef) is small, (8) reduces 
to (9) 

(Ef) (I,) 

(9) 


<E.) = 


K, 


1 + 


(Ef) 

K, 


+ (ES) 


If one solves equation (5) for (Ef) and 
substitutes the result into (9) one arrives at 
( 10 ). 


(E.) 


(I.) 


' 



K. (ES) 

K. (ES) 



1 + 


E, (S) 

E. (S) 




-b (ES) (10) 


By multiplying through equation (10) bv 
the term 1-f (ES)]/[Ki(S)] and re- 

arranging and solving for (ES) by the quad- 
ratic formula one obtains expression (11). 
in which (ES) is expressed as a function of 
(E.). 


(ES) 


E, (.S) (I.) 

b 

2K. 2 


(E.) 


E, (S) (I.) 


(E,) 


2K. 


K, (S) (E.) 


K. 


■b 


(H) 
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Since the velocity of reaction (V) is equal 
to the product of the concentration of the 
enzyme-substrate complex and the velocity 
constant for its conversion to the product, 
then: 

V = k (ES) (12) 

or if one multiplies through expression (11) 
by k and substitutes V = k (ES) one obtains! 

K, (S) (I.) (EO 

V — — k 1 7 

2(E;.) 2 2 



±;k 


r K, (S) (I.) (E.) ■] - 


2K. 


2 

K. (S) (E.) 


o 




(13) 


The velocity is thus expressed in terms 
which can be ex-perimentally determined. 

We may now consider various tests of the 
equation. If one lets (It) equal O, then 
equation (13) reduces to the following form: 
■k(S)K, U(E,) k(S)Kt k(E,) 

I — 


V = 


•f 


-h 


2K. 2 2K. 2 

T = k(E,) _ _ _ 

For large values of (S) and no inhibitor, it 
follows from expression (4) that (Et) equals 
(E )■ hence e.xpression (14) is in agreement 
wifi (12). Expression (14) is the equation 
of a straight line of slope k passing throu^ the 
origin. It is also what is experimentally ob- 
served when values of V are plotted i^amst 
corresponding values of (E.) m the absence 
of inhibitor (Fig. D- The slope is the 

deriSng equation (11), GoldsteinS h.os developed 
the following expression: 


r 




+ (1— a) E,' 


. • T- S’ and E' represent the ‘‘specific con- 

wherein ^ ‘ .and a is the fractional 

centrations multiplies through 

activity of Hie 3 ty the dissociation 

converts the p ES/E. for a, then 

concentrations and^^^hj 

on solving t arrives at 

(H) 

e.xpression (13). 


velocit}’ constant for conversion of the enzyme- 
substrate complex to the product. 

For small values of Ki, i.e. where the bind- 
ing of inhibitor with enzyme is great com- 
pared to that of the substrate with enzjmte, 
the terms of equation (13) containing Kj 
approach zero and the equation approaches 
the form of a straight line with a slope k and 
an intercept on the enzyme axis. Such an 
inhibitor virtually “titrates” the enzyme. 


V = 


— k 
2 


[ 


(I.) 



I r(i.) — (E.) 12 
V L 2 J 

T = k(EO — k(It) (15) 

However equation (14) only approaches the 
form of (IS) since the term containing Ki 
only approaches zero. When equation (14)’ is 
plotted using various values of K5, a system 
of curves is obtained as shown in Fig. 1, 
theoretical curves. For values of Ki that 
approach the magnitude of Kg, i.e. ICF* com- 
pared to 10*-, a straight line through the 
origin is obtained. For smaller Kj values a 
curved line is obtained and for very small val- 
ues, tie., lO"'*, a curve is obtained which rapid- 
ly approaches a straight line at a point 
equal to kit and has a slope equal to k. 

These plots may assist in the interpretation 
of the e.xperimental data, hlalonate with a 
Ki equal to 10"* gives a straight line through 
the origin. Itaconate, a less effective inhibi- 
tor, is of the same nature. Copper and 
quinone which combine with sulfhydryl 
groups probably have very small Kj values, 
while oxalacetate,® an intermediate case (Kj 
near 10'“), occupies an intermediate position. 

Thus it is possible to e.\plain the nature 
of the e.xperimental curves relating velocity 
of reaction to enzyme concentration on the 
basis of the degree of binding of the enzjnne- 
inhibitor complex relative to the enzyme- 
substrate complex. This approach also pro- 
vides an e.xperimental method for determinin- 
ing when one is justified in using the Michael- 
is-Menten equation to calculate values of Ki 
or when a more e.xact e.xpression is necessary. 


0 Pardee, A. B., and Potter, V. E., J. Biol. 
Chcm., 1048, 17C, 1085. 
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If a plot of data representing the change of 
velocitj’ of reaction with changes in enzyme 
concentration appears to intercept the en- 
zyme axis when extrapolated to zero velocity, 
then the amount of inhibition wall vary with 
enzyme concentration. In such a case the 
value of Ki determined from the hlichaelis- 
Menten equation will not be a constant but 
will vary depending on the enzyme concentra- 
tion used in the experiment and a more exact 
expression than the ISIichaelis-Menten equa- 
tion is necessary for calculating Kj. We have 
not attempted to derive such an e.xpression 
because in the case of “titration type” curves 
the results can be due either to high affinity 
or true irreversibility as explained earlier. 

The analysis represented by equation (11) 
is incomplete insofar as it does not encom- 
pass the effect of the presence of substances 
other than the enzyme that can combine with 
the inhibitor. It is clear that the more spe- 
cific is the inhibitor the less important these 
considerations will be. 

Discussion. The main purpose of this paper 
is (1) to show that in the case of “irreversible” 
inhibitors, regardless of the nature of the 
irreversibility, the degree of enzyme inhibi- 
tion depends upon the enzyme concentration 
and (2) to consider the implications of this 
fact. The first question that arises is whether 
the phenomenon of decreasing per cent inhi- 
bition with increasing enzyme amount is a 
general phenomenon for high affinity inhibi- 
tors, or w’hether the data presented here are 
merely due to the fact that the high affinity 
inhibitors are non-specific and are used in a 
whole homogenate. We believe that the phe- 
nomenon is a general one and that increasing 
numbers of examples will be found (c/. 

•'Note added Oct. 24, 194!) : Since tins p.apcr 
was submitted for publication, two additional re- 
ports that the enzyme concentration may afTcet the 
degree of inhibition have appeared: E. C. Staler 
reported studies with a partially purified suc- 
cinoxidase .system in Biochem. J., 1949, 45, 130, 
especially page 13S, and O. II. Lowry, O. A. Bessey 
and E. .1. Crawford have reported the effect of 
2-.amtnQ-4-hydroxy G-formylptcridine upon ptcrinc 
oxidase and commented that “The extremely low 
dissociation of the enzyme-inhibitor complex per- 
mits .a virtual titration of the enzyme.” (.1. JJioI, 
Chem., 1949, 180, 399). 


Bain*).li It is difficult to see how the presence 
of the other SH groups in the homogenate 
could produce the type of cun'e seen with cop- 
per or quinone in contrast to the malonate 
curve, since the ratio between succinoxidase 
SH groups and “other” SH groups would re- 
main constant as the amount of homogenate 
w’as increased. The enzyme system and inhibi- 
tors chosen for tMs study are probably not the 
best possible examples for illustrative pur- 
poses, but the data and conclusions are 
strongly supported by the accompanying paper 
on cholinesterase by Bain.^ In the case of 
any “irreversible” inhibitor the degree of in- 
hibition produced at any given molarity will 
depend upon the concentration of enz 3 Tne and 
upon the concentration of other substances 
that will combine with the inhibitor. This 
fact applies to any inhibitor, since it can 
never be assumed that an inhibitor, even 
though it is known to be highly specific, does 
not react with unknown constituents in living 
cells or in preparations therefrom. The re- 
action with unknown constituents becomes 
of great importance if it is irreversible. How- 
ever, the occurrence of side reactions does 
not invalidate the conclusion that copper and 
quinone in effect irreversibly inactivate suc- 
cinoxidase. This inactivation cannot be re- 
versed by succinate, (which has a lower af- 
finitj' for the enzyme than copper does) but 
can be reversed by glutathione," which has 
an affinity for copper similar to that of the 
enzjnne (cf also Barron and Kalnitsky.®) This 
inhibition is therefore considered to be pseudo- 
irreversible, i.c. it has a dissociation constant, 
but the constant is so small that the percent 
inhibition varies with the amount of enzyme. 

Oxalacetate, which is an intermediate case, 
is a potent inhibitor for succinoxidase and is 
not known to inhibit any other enzv’me (its 
action in the malic dehydrogenase sv^stem is 
an equilibrium effect.) 

It is thus concluded that the results are 
not artifacts and that their significance may 
be examined. 

From the standpoint of studies in enzyme 

" Hoplcins, F. G., Morg.iii. E. S., and Lntwal;- 
M.nnn, C.. Biochem. J., 193S. 1S29. 

8 Barron, E. S. G., and Kalnit-sK-y, G., Biochem. 
J., 1947, 41, 34G. 
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kinetics as carried out in vitro, it appears that 
experiments along the lines suggested by Fig. 
1 and 2 would be helpful in the study of 
any new inhibitor. If the plot of rate against 
enzyme concentration is a straight line through 
the origin in the presence of inhibitor {cj 
malonate, Fig. 1) and if the inhibition is 
independent of the time of addition of sub- 
strate (in contrast to Fig. 2) then it is 
feasible to proceed with the determination of 
Ki values and tests for competitive inhibition. 
On the other hand, if the data are comparable 
to those obtained with copper, quinone, or 
oxalacetate, reports of inhibitor potency with- 
out showing the effect of enzyme concentration 
will be meaningless while the determination 
of Ki values and the tests for competitive in- 
hibition by existing methods will also be of 
little significance. 

It is from the standpoint of studies on 
whole animals or on tissue preparations that 
the results have the greatest significance. If 
it is established that the “irreversible” in- 


hibitors (either pseudo-irreversible or irre- 
versible) affect enzyme activity to an extent 
that depends upon the concentration of^ the 
enzyme and the concentration of inhibitor- 
binding compounds in the tissue, it may be 
anticipated that when an inhibitor (or drug 
or chemotherapeutic agent) is injected into an 
animal different tissues and tissue components 
will be inhibited to different extents depend- 
in'^ on their composition. In other words, a 
tis°sue containing a small amount of a given 
enzyme might have its enzyme completely 
inactivated by an injection of ^ inhibitor 
that would inactivate only a small fraction of 
the enzyme in tissues containing larger 
amounts of enzyme and comparaWe amounts 
of other reacting components. Data which 
may be an illustration of this phenomenon 
are available in a paper by DuBois Mang- 
. un» Following injections of hexaethjl tet 
raphosphate at a level of 1 mg/kg m rats, 
thev found that the per 

acetyl-choline esterase were 4.5, 22 and lOU 
in samples of brain, submaxillary gland and 

"rfm Lpectively_nte^^ 

EXP. Biol. .ot> 


to be explained as a result of variations in 
■the amount of cholinesterase in the 3 tissues, 
one would expect the enzyme content of these 
tissues to varj'- in the waj' that was actually 
observed, viz. the authors found relative ac- 
tivity values of 100, 28 and 10 in the 3 
tissues from control animals. Thus the 
absolute amount of enzyme destroyed was 
very similar in the 3 tissues, i.e., 4.5, 6.2 and 
10.0. Injections of higher levels of inhibitor 
produced 100 per cent inhibition first in sub- 
maxillar}' gland, then in brain. These data 
do not prove the point that is being made 
here since many factors obviously affect the 
data in the case of whole animals; but the 
viewpoint stressed here may need to be in- 
cluded in any future e.xamination of similar 
data. 

The production of alloxan-diabetes^® may 
be cited as another possible e-xample of this 
type of phenomenon, with the difference that 
in this case specific cells have been destroyed 
without the demonstration of inhibition of an 
enzyme. Alloxan is a general SH inhibitor 
and it seems very unlikely that it reacts with 
an enzyme occurring only in the insulin-pro- 
ducing cells. According to our interpreta- 
tion, these cells •w'ould be more vulnerable to 
alloxan because of smaller amounts of a vital 
enzyme that is more plentiful in other tissues. 
The specific destruction of insulin-producing 
cells by alloxan may serve as a prototype for 
cancer chemotherapy. Since the enzyme pat- 
tern in cancer tissue may conceivably include 
no enzymes that are not also found in normal 
tissues {i.e. if it arises by a process of enzyme 
deletion), the chemotherapy of cancer may 
require the inhibition of an enzyme that is 
also present in normal tissues, ft should be 
possible to completely inhibit an enzimie 
present in cancer tissue in small amounts, 
while producing only partial inactivation of 
the enzyme in tissues containing it in larger 
amounts. 

The interference phenomenon described in 
Fig. 2 is of considerable importance in inter- 
preting studies on ivhole animals, especially 
since interference between reversible and ir- 

10 Lukens, F. 0. tV., Tliysioh Eev., 194S, 28, 304. 
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reversible inhibitors can occur.^ Koster^^ 
found that diisopropylfluorophosphate (DFP) 
given before physostigmine made animals 
more scmiiivc to the latter, while injections 
of the latter protected animals against doses 
of DFP that were several-fold greater than 
lethal. These data can be explained in terms 
of interference between the two inhibitors 
plus the fact that the DFP can be destroyed 
in the body as shown by Jlazur,^- In other 
words, physostigmine would lower the con- 
centration of free enzyme and protect it 
against DFP for a time sufficient to allow 
for the destruction of DFP, while DFP 
initially would lower the effective concentra- 
tion of enzyme thereby sensitizing the animal 
against physostigmine. 

Summary. 1. The effect of enzjTiie concen- 
tration on the inhibition produced by certain 
inhibitors of the succinic dehydrogenase sys- 
tem has been e.xperimentally determined . The 
inhibitors studied were malonate, itaconate, 

HKoster, B., J. Pharmacol., 1940, 88, 39. 

WMaiUT, A., J. Biol. Chcm., 1940, 1C4, 271. 


oxalacetate, quinone and cupric ion. 

2. The reaction between succinic dehy- 
drogenase and copper or quinone was not im- 
mediate but required 30 to 40 minutes when 
the amount of inhibitor was just sufficient to 
produce complete inhibition. 

3. The effect of the strengths of binding 
of the inhibitor with the enzyme on the per 
cent inhibition produced is shown to be re- 
lated to the enzyme concentration. 

4. An expression has been developed which 
relates the velocity of reaction to enz 3 Tne con- 
centration in enzjTue-inhibitor systems. 

5. The results are discussed in relation to 
the chemotherapy of cancer. It is pointed 
out that the selective inhibition of an enzxmie 
not unique to cancer tissue is theoreticalh' 
possible. 

The .luthors gr.atefully aehnovrledge the helpful 
suggestions of Dr. J. A. Bain, whose data on 
cholinesterase inhibition were made available to ns 
prior to publication. 

Heeeived May 3, 1949. p!sli!BS7'l949r^ 


Mechanism of the Inhibition of 'Rat Brain Cholinesterase by Diisopropyl- 
fluorophosphate, Tetraethylpyrophosphate, and Eserine.^ (17314) 

jAitES A. Bain (Introduced by C. C. Pfeiffer.) 

From the Vcpariments of Pharmacology an(t Psychiatry, University of TIJinois Medical School, 

Chicago, HI. 


Kinetic analj^sis of the inhibition of enzyme 
systems has generally been carried out by 
methods which assume a reversible combina- 
tion of the inhibitor and enzyme to form an 
inactive complex.^"* Ordinarily, dissociation 

* Supported in part by grants from the Miller 
Epilepsy Fund, the Koehefeller Foundation, and 
the Eescarch Council of the Scottish Rite Masons. 

iMichaelis, L., and Mcnten, M. L., Biochem. Z., 
1913, 49, 1333. 

- Haldane, J. B. S., Enzymes, Longmans, Green 
& Co., London, 1930. 

®Linewcaver, H., and Burk, D., J. ..4m. Chem. 
Soc., 1934, 5C, 65S, 

lEhersole, E. R., Gnttentag, C., and Wilson, 
P. W., Arch. Biochem., 1944, 3, 399. 


constants for the enzyme-inhibitor complex 
are calculated according to the classical Mich- 
aelis-Menten treatment^ from the concentra- 
tion of inhibitor at which enzymatic activity 
is reduced 30 per cent. Goldstein'^ and 
.Ackermann and Potter^i have pointed out 
that situations may exist when the assump- 
tions used in the Jlichaelis-JIenten derivation 
are no longer valid. Such a case arises when 

3 Goldstein, A.. J. Gen. Physiol., 1944, 27, 529. 

® Ackermann, W. W., and Potter, V. B., Pnoc. 
Soc. Exp. Biou -VXD Mrjj., 1949, 72, 1. 

t The author is indebted to Hr. V. R. Potter for 
making available a manuscript of this paper® 
prior to publication and for much corre.spondence 
and discussion regarding its contents. 
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kinetics as carried out in vitro, it appears that 
experiments along the lines suggested by Fig. 
1 and 2 would be helpful in the study of 
any new inhibitor. If the plot of rate against 
enzyme concentration is a straight line through 
the origin in the presence of inhibitor (cj 
malonate, Fig. 1) and if the inhibition is 
independent of the time of addition of sub- 
strate (in contrast to Fig. 2) then it is 
feasible to proceed with the determination of 
Ki values and tests for competitive inhibition. 
On the other hand, if the data are comparable 
to those obtained with copper, quinone, or 
oxalacetate, reports of inhibitor potency with- 
out showing the effect of enzyme concentration 
will be meaningless while the determination 
of Ki values and the tests for competitive in- 
hibition by existing methods will also be of 


little significance. 

It is from the standpoint of studies on 
whole animals or on tissue preparations that 
the results have the greatest significance. If 
it is established that the “irreversible”^ in- 
hibitors (either pseudo-irreversible or irre- 
versible) affect enzyme activity to an extent 
that depends upon the concentration of_ the 
enzyme and the concentration of inhibitor- 
binding compounds in the tissue, it may be 
anticipated that when an inhibitor (or drug 
or chemotherapeutic agent) is injected into an 
animal different tissues and tissue components 
will be inhibited to different extents depend- 
in'' on their composition. In other words, a 
tis°sue containing a small amount of a given 
enzyme might have its enzyme completely 
inactivated by an injection of an inhibitor 
that would inactivate only a small fraction of 
the enzyme in tissues containing larger 
amounts of enzyme and comparable amounts 
of other reacting components. Data which 
may be an illustration of this phenomenon 

are available in a paper by "J' 

un® Following injections of he.xaeth>l tet- 
ranhosphate at a level of 1 mgAg rats, 
they found that the per ^00 

acetvl-choline esterase were 4.5, 22 and lUU 
?n samples of brain, submaxillary' gland and 

Srrmspectively^Mhe^^ 

EXT. Biol, -vnd JIed-. 


to be e.xplained as a result of variations in 
the amount of cholinesterase in the 3 tissues, 
one would expect the enzyme content of these 
tissues to vary in the way' that was actually 
obseiA'ed, vis. the authors found relative ac- 
tivity values of 100, 28 and 10 in the 3 
tissues from control animals. Thus the 
absolute amount of enzyme destroyed was 
very similar in the 3 tissues, i.e., 4.5, 6.2 and 
10.0. Injections of higher levels of inhibitor 
produced 100 per cent inhibition first in sub- 
maxillary gland, then in brain. These data 
do not prove die point that is being made 
here since many factors obviously affect the 
data in the case of whole animals; but the 
viewpoint stressed here may need to be in- 
cluded in any future e.xamination of similar 
data. 

The production of allo.xan-diabetes^® may 
be cited as another possible e.xample of this 
type of phenomenon, with the difference that 
in this case specific cells have been destroyed 
without the demonstration of inhibition of an 
enzy'me. Allo.xan is a general SH inhibitor 
and it seems very unlikely that it reacts with 
an enzyme occurring only in the insulin-pro- 
ducing cells. According to our interpreta- 
tion, these cells would be more vulnerable to 
allo.xan because of smaller amounts of a I'ital 
enzyme that is more plentiful in other tissues. 
The specific destruction of insulin-producing 
cells by allo.xan may serve as a prototJTpe for 
cancer chemotherapy. Since the enzyme pat- 
tern in cancer tissue may conceivably include 
no enzymes that are not also found in normal 
tissues (i.c. if it arises by a process of enzjone 
deletion), the chemotherapy of cancer may 
require the inhibition of an enzj'me that is 
also present in normal tissues. It should be 
possible to completely inhibit an enzi'me 
present in cancer tissue in small amounts, 
while producing only partial inactivation of 
the enzj'me in tissues containing it in larger 
amounts. 

The interference phenomenon described in 
Fig. 2 is of considerable importance in inter- 
preting studies on whole animals, especially 
since interference between reversible and ir- 

lOEukens, F. O. "W., Fht / slol . Jtcv ., 1048, 28, 304. 
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TABLE I. 


Effect of Order of Addition of Substrate and Inhibitor on Bat Brain Cholinesterase Activity. 

Basic conditions as in Fig. 1. 



% inhibition 


TEPP 

DFP 

Order of addition 

(8 X 10-7 M) 

(4 X 10-c M) 

Simultaneous 

9 

40 

Substrate 10' before inhibitor 

O 

— 

Inhibitor 30' before substrate 

47 

SO 


TEPP, when tissue concentration was plotted 
against rate for various concentrations of in- 
hibitor a series of cur\’es resulted, the control 
curve intercepting the x-axis at zero and the 
curves to which various amounts of TEPP 
had been added intercepting the x-axis at pro- 
gressively larger values of tissue concentra- 
tion. MTien these intercepts were .plotted 
against the concentration of inhibitor (inset 
Fig. 3) a straight line through the origin was 
obtained. The same result was found with 
DFP as with TEPP, the former requiring 
higher concentrations; c.g., the molarity at 
an x-intercept of 0.25 ml being 11.5 x 10*' 
M DFP compared to 4.5 x 10-® lyl TEPP. 
However, when the same procedure was ap- 
plied to eserine a different result was obtained. 
It may be seen from Fig. 3, that in the case 
of eserine, a series of cun^es of different slopes 
results all intercepting the x-axis at zero in 
contrast to the DFP and TEPP curves. 

Neither the eserine, the DFP, nor the TEPP 
inhibition of brain cholinesterase was re- 
versed by cysteine as were the effects of the 
nitrogen mustards." Atropine, which is a spe- 
cific antidote for eserine and DFP in vivo, 
does not reverse their effects upon cholinester- 
ase. Atropine itself does not affect the en- 
zyme.' Eserine has been reported to protect 
brain cholinesterase against irreversible in- 
activation by DFP® and we have confirmed 
this finding. 

Discussion. The values for the concentra- 
tion required to give 50% inhibition of brain 
cholinesterase by DFP, TEPP, and eserine are 
of the same order of magnitude as those re- 
ported by others'®**® using somewhat similar 

SKoellc, G. B., J. Pharmacol, and Exp. Therap., 
1940, 88, 232. 

10 Adams, D. n., and Thompson, E. H. S., 
Biochem. J., 1948, 42, 170. 


conditions; but it is apparent from the data 
in this report and that of others, particularly 
Nachmansohn, ct al.^^ that conditions of en- 
zyme concentration, incubation time, and 
order of addition of inhibitor and substrate 
can profoundly affect the results with the 
fluorophosphates. 

Eserine was included in this study because 
it and prostigmine are the only other com- 
pounds whose potency as inhibitors approach- 
es that of the alkylated fluoro- and p 3 TO- 
phosphates." The data presented in Fig. 3 
clearly show that, under the conditions em- 
ploj-ed in this studj', there is a difference in 
the nature of the inhibitor!’' processes. 'Ac- 
cepting the criteria of Ackermann and Potter,® 
DFP and TEPP are seen to fall into that 
categor}' of inhibitors where analj’sis bj' the 
classical methods will no longer applj'. Furth- 
er, the irreversibility of the enzyme-inhibitor 
complex is demonstrated bj’ a method which 
does not involve dialysis,® dilution,'® nor 
isolation.*'’ In the case of eserine, on the 
other hand, the data of Fig. 3 show that 
analysis of its inhibitorj’ action ma}’ be suc- 
cessfullj'- performed by the classical methods. 

On the basis of the data in Fig. 3 and 
other independent criteria®'*® the inhibition of 
cholinesterase by DFP and TEPP may proba- 
bly be assumed to be irreversible. We may 
then consider that the inhibitor “titrates” a 


H Dubois, K. P., and ilangun, G. H., Pkoo. Soc. 
Exp. Bjol. and Mm, 1947, 04, 137. 

12 Webb, E. a, Biochem. J., 1948, 42, 9G. 

13 Nachmansolm, D., Bothenberg, M. A., and 
Feld, E. A., Arch. Biochem., 1947, 14, 197, and 
J. Biol. Chem., 1948, 174, 247. 

11 Angustinsson, K. B., Acta Phtjsiol. Scan- 
dinavica, 1948, lo, Suppl. 52. 

13 Jansen, E. F., Nutting, M. D. F., and Balls, 
A. K., J. Biol. Chem., 1949, 170, 201. 
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the enzyme-inhibitor complex formation is 
irreversible (i.e., the dissociation constant 
approaches zero) in which case the actual 
concentration of the enzyme may no ‘longer 
be ignored. However, such irreversibility is 
not always plainly apparent and when inde- 
pendent evidence of such a state of affairs is 
lacking an investigator may analj'ze his data 
by the classical methods referred to above 
and arrive at values for dissociation constants 
that will be theoretically unsound. It is not 
always easy to devise unequivocal tests for 
irreversibility particularly when working with 
unpurified enzyme preparations such as serum, 
homogenates, minces, slices or tissue extracts. 
Ackermann and Potter® have recently pro- 
posed a method which offers a simple, graphi- 
cal solution to this difficulty. During the 
course of a study of the effects of convulsant 
and anticonvulsant drugs on the cholinesterase 
system of rat brain tissue" we have had oc- 
casion to test the method of Ackermann and 
Potter using the newly discovered cholines- 
terase inhibitors diisopropylfluorophosphate 
and tetraethylpyrophosphate for which inde- 
pendent evidence for irreversibility exists 
and compared Uieir mechanism of action to 
that of the classical inhibitor, eserine (physo- 


stigmine) . 

Experimental methods and results. The 
creneral characteristics of the cholinesterase 
svstem in rat brain homogenates and the 
methods for its study have been previously 
described." The specific conditions used in 
this investigation are given in table headings 
and figure legends. 

The degree of inhibition by a given con- 
centration of DFP or TEPPI is dependent 
upon the time of incubation of the 
with the enzyme before additi on of the sub- 
— T'T 7^ J. I’/d/.sioLTiii vrcss. 


Se' :.bbveviatio,is DFP-diisopropvlflaoro- 

„;.pbato, niul 

),■ II E Ilinnvicli of the Mcaie.nl division, Armj 

Center, Edgewoot, 

)„Bois of the L'nivcrsity of Cb.cngo ToMotj 
.aboratory, Chicago, 111. 



Fig. 1. 

Effect of Incubation of the Eiizynio with Inhib- 
itor Before Addition of Substrate. Total volume 
2.2 ml containing final concentrations ns follows: 
0.025 M NallCOs, 0.075 M KCl, 0.075 M NaCl, 
0.04 M MgClo, O.OI SI acetylcholine-bromide 
(added from sidearm after incubation times indi- 
cated), 2.3 X 10-' M DFP or 8 X lO-o M TEPP, 
25 mg (wet weight) per flask rat brain tissue 
added as 59c homogen.ate in buffer (see t)). 5% 
COo — 95% Xo gas phase, temperature 37.5°0. 
Each point average of 2 experiments in duplicate. 
Aetivities calculated as in i. 

strate, as may be seen from the curves given 
in Fig. 1. In subsequent e.xperiments we 
have arbitrarily adopted the time of 40 
minutes incubation of the enzi’me with in- 
hibitor before addition of substrate. The 
enzyme may be protected from TEPP b.v ad- 
dition of substrate simultaneous to, or before, 
the addition of the inhibitor (Table I). This 
effect is not so marked using DFP (Table I). 

The inhibition of rat brain cholinesterase 
by DFP, TEPP and eserine under specified 
conditions is shown in the curves of Fig. 2 
where enzyme activity is plotted against in- 
hibitor concentration. It may be seen that 
the general shape of the curves is the same 
and without closer analysis it might be in- 
ferred that tlie inhibitors differed only in po- 
tency. 

The results obtained using Uie method of 
Ackermann and Potter® are shown in Fig. 3. 
Here both tissue concentration and inhibitor 
concentration were varied. In the case of 
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hibitor concentration. It -svas shown that 
the kinetics of eserine-inhibition may be anal- 
yzed by classical methods which ignore en- 
zyme concentration but the cases of the other 
two inhibitors may not be so treated. Cholin- 
esterase inhibition by the fluoro- and pjnro- 
phosphates was shown to be irreversible and 
to depend upon enzyme concentration and 
time of incubation of the enzjune with the 
inhibitor before the addition of substrate. 


The upper limit of cholinesterase concentra- 
tion in rat brain was estimated to be 1 x ICk® 
molar if structural restrictions are not as- 
sumed. 

The author wishes to thank iliss Bnth Hurwitz 
and Mr. Ricliard C. Wang for valuable technical 
assistance. 

Received July 20, 1949. P.S.E.B.M., 1949, 72. 


Some Effects of Large Doses of Ergot Products on Rats.* (17315) 

Jay a. Sjjith and Sherwtn Z-Axman (Introduced by P. P. Foa.) 

From ihe Department of Physiology and Pharmacology, Chicago Medical School, Chicago, III. 


An examination of the literature reveals 
much interest in various ergot products, par- 
ticularly the dihydrogenated derivatives, be- 
cause of their possible usefulness in the treat- 
ment of migraine, in the prevention of cyclo- 
propane arrhythmias,® and in the treatment 
of hj-pertension.’*'® 

Toxicity of the dihydrogenated derivatives 
is less than that of the natural alkaloids;' 
Orth and others® show that dihydroergocom- 
ine did not produce gangrene in the tails of 
rats, whereas ergotamine routinely produced 
gangrene. They also show that pregnant 
female rats receiving dihydroergocornine de- 
livered normal litters and raised them to 

* This study was made possible by a grant from 
the Sandoz Chemical Works, Inc.; the drugs were 
supplied by Mr. Harry Selmizer of that company. 

1 Alvarez. W. C,, Gastroenterology, 1947, 9, 754. 

^Marcussen, R. M., and Wolff, H. G., 

1949, 139, 198. 

3 Orth, 0. S., Arch, internal, dc pharmacodyn. 
ct de ihcrap., 1949, 7rf, 102. 

■* Kappert, A., Baumgartner, P., and Rupp, F., 
Sclnrcic. mcd. Wchnschr., 1948, 78, 1265. 

Bluntschli, H. J., and Goetz, R. H., South 
African M. J.. 1947, 21, 3S2. 

®Frcis, E. D., Stanton, J. R., and Wilkins, 
R. W., Am. J. M. Sc., 1948, 216, 163. 

"Rothlin, E., Bid!, schmeh. Alad. d. mcd. 
irisscnsch., 1946-1947, 2, 249. 

s Orth, 0. S.. Capps, R, A., and Suckle, H. M., 
Fed. Froc., 1947, 6, 361. 


maturity, whereas similar rats receiving ergot- 
amine tartrate lacked maternal instincts. 

No accounts were found in the literature of 
experiments in which ergot products were in- 
jected over e.xtended periods of time. Orth 
and others® made semiweekly injections dur- 
ing the gestation period of rats in doses up 
to 35 mg/kg of dihydroergocornine. Obser- 
vations over extended periods were thought to 
be desirable since many patients would take 
the ergot product more or less regularly for 
years. 

Methods. .\ total of 73 rats were injected 
subcutaneously 6 times a week for periods up 
to 17 weeks. This rigorous treatment con- 
trasts with that of human therapy in which 
ergot products are usually injected only twice 
a week. 

Control rats were injected 6 times a week 
with ph 3 "siological saline. 

.\11 rats were w'eighed once a week. 

Preliminary experiments show that doses 
comparable to therapeutic doses in man (for 
those products whose therapeutic doses have 
been established) produced no measurable 
effect on weight of rats. Therefore, it was 
decided to make the experiments still more 
rigorous by using doses comparable, on a 
weight basis, to those of ergotamine tartrate 
that produce gangrenous tails in rats. Prelim- 
inary e.xperiments showed that a dose of about 
0.5 mgAg of ergotamine tartrate adminis- 
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Fig. 2. 

Inliibition of Bat Brain Cholinesterase by DFP, 
TEPP and Eserine. Basic conditions as in Fig. 
1 ' Inhibitors incubated rrith tlie enzyme 40 rom- 
utes before addition of substrate. Eadi point 
average of at least 2 experiments in duplicate. 



TISSUE^ P£R 

^^thrUfbitirn "o^BaJ B|KboUncstenase by 

•om data given in th s ^ 

riirM^ ns S sou J, included to shoiv re- 
roducibility. 

„,ai„ an.o.»t of the 

WO? 10 Ulralo 1^' “f>™' "JooiM m! 

.omogenate which is equivalent to 0.012a ml 


of original tissue. If we further assume that 
1 mole of inhibitor combines with 1 mole of 
enz 3 'me^ then we maj'’ calculate that the 
greatest concentration of enzj^me is appro.xi- 
mately 1 x 10'® moles per ml of tissue or 
1 X lO"® molar. The above reasoning disre- 
gards, of course, the possibilit}^ that the en- 
zyme maj”^ be concentrated in certain regions 
by structural restrictions. Goldstein® has 
estimated that the concentration of cholines- 
terase in 4.5% dog serum has a maximum 
value of 2 x ICh® hi giving a value of ap- 
proximately 1 X 10"" hi in 100% serum by 
direct extrapolation. We do not believe that 
the data in this paper justihi anj' but the 
approximations indicated above because of 
considerable uncertainty as to the purit}”^ of 
the inhibitors used, the large dilutions of the 
inhibitor stock which are necessaiy^ and the 
possibility that some of the inhibitor is com- 
bined with proteins inert to the substrate 
employed.il The calculations do serve, how- 
ever, to give an upper limit to the enz 3 TOe 
concentration. 

Summary. The mechanism of inhibition of 
rat brain cholinesterase b 3 ' the 3 most potent 
anti-cholinesterases, diisoproprdfluorophos- 
phate, tetraethydpyrophosphate, and eserine 
was studied by- a method which involves varia- 
tion in enzyme concentration as welt as in- 

j A re.Tsoimble assumption considering tliat 
Gold.stcin-'* found 1 mole of eserine per mole of 
enzyme and Jansen et n?.l."> have rcocntlj- shoini 
tliat 1 mole of DFP combines nitli 1 mole of 
cliymotrjpsin to form an inactive complex. We 
have been unable to estimate, in the ease of TEPP, 
the number of moleeulcs of inhibitor per molecule 
of enzyme by the method of Goldstein because the 
slope of the inhibition curve (Fig. 2) falls above 
his theoretic.ally determined limit.s, possibly be- 
cause ive are dealing here with an irreversible 
combination. 

li This la.st con.sideration is somewhat discounted 
by the e.vperiments of Mazur and Bodansky,l« ivho 
added large amounts of heat-inactivated protein to 
a DFP-inhibited s.vstem and found no effect. 
However, the very proee.ss of heat inactivation may 
have destro.ved groupings which in the native state 
were inert to the substrate but might not iiave 
been inert to the inhibitor. 

10 Mazur, A., and Bodansk.v, 0., .1. Biol. Cliem , 
194 ( 1 . 103. 2C1. 
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hibitor concentration. It was shown that 
the kinetics of eserine-inhibition may be anal- 
yzed by classical methods which ignore en- 
zyme concentration but the cases of the other 
two inhibitors may not be so treated. Cholin- 
esterase inhibition by the fluoro- and pyro- 
phosphates was shown to be irreversible and 
to depend upon enzyme concentration and 
time of incubation of the enzyme with the 
inhibitor before the addition of substrate. 


The upper limit of cholinesterase concentra- 
tion in rat brain was estimated to be 1 x ICt® 
molar if structural restrictions are not as- 
sumed. 

The author wishes to thank Miss Buth Hurwitz 
and Mr. Eieliard C. "Wang for valuable technical 
assistance. 

Bcceivcd July 20, 1949. P.S.E.B.M., 1949, 72. 


Some Effects of Large Doses of Ergot Products on Rats.* (17315) 

Jay a. Smith and Sheruun Zalman (Introduced by P. P. Foa.) 

From the Department of Physiology and Pharmacology, Chicago Medical School, Chicago, III. 


.i^n examination of the literature reveals 
much interest in various ergot products, par- 
ticularl}^ the dihydrogenated derivatives, be- 
cause of their possible usefulness in the treat- 
ment of migraine,^’- in the prevention of cyclo- 
propane arrhythmias,® and in the treatment 
of hjpertension.'*"® 

Toxicity of the dihydrogenated derivatives 
is less than that of the natural alkaloids;” 
Orth and others® show that dihydroergocom- 
ine did not produce gangrene in the tails of 
rats, whereas ergotamine routinely produced 
gangrene. They also show that pregnant 
female rats receiving dihydroergocornine de- 
livered normal litters and raised them to 

* This study was made possible by a grant from 
the .“iandoz Chemical Works, Inc.; the drugs were 
supplied by Mr. Harry Schnizer of that company. 

1 Alvarez, W. C., Gastrontcrnlogy, 1947, 9, 754. 

Marcussen, K. M., and Wolff, H. G., J.A.M.A., 
1949, 1.99, 198. 

a Orth, 0. S., Arch, internet, de pharmacodyn. 
et dc ihcrap., 1949, 7*4, 1C2. 

4 Kapport, A., Baumgartner, P., and Kupp, F., 
Schwei:. mcd. Wchnschr., 1948, 78, 1265. 

hBluntschli, H. J., and Goetz, B. H., South 
African M. J., 1947, 21, 382. 

«Prcis, E. D., Stanton, J. B., and Wilkins, 
E. W., Am. J. M. Sc., 194S, 21C, 163. 

• Eothlin, E.. Bull, schtaei:. Al:ad. d. mcd. 
irisscnsch., 1946-1947, 2, 249. 

s Orth, 0. S., Capps, B. A., and Suckle, H. M., 
Fed. Proc., 1947, 0, 361. 


maturity, whereas similar rats receiving ergot- 
amine tartrate lacked maternal instincts. 

No accounts were found in the literature of 
experiments in which ergot products were in- 
jected over e.\'tended periods of time. Orth 
and others® made semiweekly injections dur- 
ing the gestation period of rats in doses up 
to 35 mgAg of dihydroergocornine. Obser- 
vations over extended periods were thought to 
be desirable since many patients would take 
the ergot product more or less regularly for 
years. 

Methods. \ total of 73 rats were injected 
subcutaneously 6 times a week for periods up 
to 17 w'eeks. This rigorous treatment con- 
trasts with that of human therapy in which 
ergot products are usually injected only twice 
a week. 

Control rats were injected 6 times a week 
with physiological saline. 

.All rats were weighed once a week. 

Preliminary experiments show that doses 
comparable to therapeutic doses in man (for 
those products whose therapeutic doses have 
been established) produced no measurable 
effect on weight of rats. Therefore, it was 
decided to make the experiments still more 
rigorous by using doses comparable, on a 
weight basis, to those of ergotamine tartrate 
that produce gangrenous tails in rats. Prelim- 
inary experiments showed that a dose of about 
0.5 mg/kg of ergotamine tartrate adminis- 
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Effects of ergot products on groivtli rates, survival and production of gangrenous tails 
in rats. ° 

A. Upper circle: STumber of rats surviving the period. Loner circle: Number of rats n-itl, 
gangrenous tails at end of tbe period. ‘ ' ‘ 

B to E, inclusive. Number encircled: Number of rats surriving the period 


tered by daily subcutaneous injection pro- 
duced gangrene in about 4 weeks in about 
20% of the rats. This is about 200 times 
the therapeutic dose in man. 

The results of several weeks’ weighings were 
averaged for simplicit}'^ in graphing. It was 
felt that tills procedure was justified since the 
rate of growth of control rats was essentially 
linear. The results are shown in the figure. 

■Results. Ergotamine tartrate (Fig. 1, A) 
caused a decrease in the rate of growth in 
the doses employed. With doses as low as 
0.6 mgAg,. one rat (20% of the raU) de- 
veloped a gangrenous tail in 2 weeks. This 
dose was near the minimum for production of 
gangrene since doubling the dose caused an 
increase in the number of rats with gangrenous 


cajio 






y 1 veil v> 






better than controls. 

Dihydroergotamine (DHE 45), dihydroer- 

fnr<;”'om d’^roergocristine 

(DCS 90), and a mi.vture of dihydroer<To- 
cornine, dihydroergocristine and dihydroer“o- 
krypfine (CCK 179) fail to produce a con- 
sistent inhibition of growth. These materials 
did not produce gangrene, and the survival 
of rats was equal to or better than controls 

Suuimary. The effect of several dihvdro- 
genated derivatives of ergot were studied on 
rate of growth, production of gangrene and 
sur^nval. as compared with ergotamine tartrate 
None of these materials inhibited growth 
consistently; none inhibited growth as much 
as ergotamine tartrate. None of the dihvdro 
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genated derivatives caused gangrene; in con- 
trast, ergotamine produced gangrene in SOfo 
of the rats. The survival of rats receiving 
ergot alkaloids or dihydrogenated ergot deriv- 


atives was equal to or better than that of the 
controls. 

P.S.E.B.M., 1949, 7S. 


Influence of Malononitrile upon Poliomyelitis in Mice.*' (17316) 

Paul B. Szanto and Oscar Felsenfeld. 

From Vie Se7:toen Institute for Medieal Fesearch, Departments of FaVtoiogy and Bacteriology 
of Cool: County Mospital, Kortliicestern University, and University of Illinois College of Zledi- 

cine, Chicago, 111. 


Recent investigations by histophj'sicaP and 
histochemical-’® methods identified the baso- 
philic component of the Nissl bodies in the 
nerc’e cells as ribonucleic acid. Chromatolysis 
of the Nissl substance in the late preparalytic 
period is the earliest cytologic change in mon- 
keys infected with poliomyelitis virus."* \^Tiile 
chromatolysis is a reversible process, it may 
lead to complete cellular necrosis. Recovery 
is characterized histologically by the reappear- 
ance of the Nissl substance in the surviving 
nerve cells. Malononitrile CH 2 (CN )2 in- 
creases the ribonucleic acid content, i.e., the 
Nissl substance of the nerve cells but not of 
the liver and pancreas.® This prompted us 
to investigate the influence of malononitrile 
upon experimental poliomyelitis in mice. 

Materials and method. Young, virus free 
mice, of the average weight of 12 to 15 g,f 
were infected with the Lansing strain of the 
poliomyelitis virus. The M.L.D. of this strain 
showed fluctuation during storage but was 
easily increased by successive mouse pas- 

* Supported by grants from the Schering Ke- 
scareli Fund .and the Dr. Leonard H. and Louis 
Wcissnian Besearch Foundation. 

tLandstrom, M., Casperson, T., .and Wohlfart, 
G., Z. f. MihrosVop.-Anatom. Forsclning, 1941, 
49, 534. 

- Brachet, J., Encymologia, 1941. 10, 87 and 96. 

•"’Gersh, I., and Bodian, D., J. Cell. Comp. 
Physiol., 1943, 21, 253. 

Bodian, D., Bull. .Johns Hophins Hasp., 1948, 
83, 1. 

•'•nyden, H., and Hartelius, H., jetn Fsychiatr. 
et Xciiroi., Suppl., 1948, 48, 1. 

t Purchased from the Carworth Farms, N. T, 


sages. The paralytic period, i.e., the time 
between the appearance of the paralysis and 
death of the animal, was short, between a 
few minutes and 4 hours, even if low concen- 
trations of the virus were used. The virus 
was inoculated intracerebrally, using 0.03 ml 
of a 10% mouse brain emulsion with an 
M.L.D. of 1.3 X 10"^, 2.7 x 10^ and 3.2 x 
10'~, respectively. J^Ialononitrile* was ad- 
ministered intraperitoneally, using a 0.5 g 
per L. solution sterilized by passage throu^ 
a Seitz filter. Since malononitrile is toxic,® 
its effect on normal mice was investigated. 

Two types of experiments were set up. In 
one, the survival rate of the infected mice 
treated daily with malononitrile before the ap- 
pearance of paralysis nns compared with that 
of untreated controls. In the second, mice 
were treated with malononitrile after the onset 
of the paralysis and the survival time was 
compared "with that in untreated paralyzed 
mice. Because of the rapid downhill course 
of the disease in paralj'zed animals, relative- 
ly few mice could receive treatment after the 
onset of paralysis. Thus manj' animals were 
lost. The suix'ival time of mice was estab- 
lished in such manner that the hour at which 
the animal was last seen alive was considered 
as the last hour of its life. 

.■Mter the death of the animals, brain, spinal 
cord, liver, heart and kidnej’s "n-ere fixed in 
Carnoys or Bouin’s fluid. In addition to 

t Received from tlie Schering Corporation, 
Bloomfield, N. J. 

CHeymnns, J. F., and Masoiu, P., Arch. f. In- 
temnf. Pliarmacodi/nnm. n. Tfiernp., 1897, S, 77. 
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TABLE I. 

Effect of Malononitrile When Given in Preparalytic Phase. 


Virus M.L.D. 

No. of mice 

Malononitrile 

given 

Avg incubation -- 
time, days 

Mortality, % 

1.3 X 10-3 

24 

"h 

37.1 ± 13.2 

41.7 


24 

0 

10.2 ± 2.8 

100 

3.2 X 10-T 

84 

+ 

5.3 ± 1.2 

.07.0 


84 

0 

4.4 ± 1.3 

100 


TABLE II. 


Effect of Malononitrile Given in tlie Paralytic Period. 

Virus M.L.D. 

No. of mice used 

Malononitrile given 

Avg survival time after 
onset of paralysis in hr 

2.7 X 10-5 

14 

+ 

43.5 ± 8.7 


24 

0 

r 

1.3 ± 0.4 

3.2 X 10-’’ 

22 

+ 

31.8 -4- 0.1 


24 

0 

0.8 ± 0.2 


hematoxylin-eosin, the sections yrere stained 
with gallocyanin and thionine (Windle’s modi- 
fication’’). 

Results. The intraperitoneal administration 
of 6 mg malononitrile per kg body weight to 
normal mice produced within a few minutes 
rapid respiration, convulsions and death. 
Three mg per kg body weight was well toler- 
ated, although a general depression following 
an excitation state lasted frequently for many 
hours. 

All 24 mice which received the Lansing 
virus of M.L.D. 1.3 x IQ-^ died after an 
incubation period of 10.2 ±2.8 days. Of 
24 mice which received the same amount of 
the virus and 3 mg malononitrile per kg body 
weight the day after the infection, and, start- 
ing 6 days later, the same amount of the drug 
daily for 10 consecutive days, only 10, or 
41.7^, died within 3 months. The average 
incubation time of the animals which died 
was 37.1 ± 13.2 days (Table I). 

Of 84 mice injected with a high M.L.D. 
(3 2 X lO"”) all died. Of 84 animals infected 
with the same amount of the virus and treated 
vs-ith malononitrile, starting the day_ after 
infection, 82 died after an incubation time ot 
5 3 ^ 1.2 days, which does not differ sigmn- 
cantlv from that of untreated animals (».c., 
4.4 ± 1.3 days). Only 2 of the mice which 
B., .md B.'inkin, 3., 

Stain Teclinoh, 1043, 18, n. 


received malononitrile survived in this group. 
The period between paralj'sis and death in 
the treated animals, however, was 17.8 ±1.2 
hours, as contrased with 0.8 ± 0.2 hour in 
untreated mice. 

Of 38 mice infected with Lansing virus of 
M.L.D. 2.7 X 10'^, 24 served as controls for 
the determination of the survival time after 
paralysis developed, while 14 mice received 
3 mg malononitrile per kg body weight after 
paralysis appeared. The average sundval 
time of the treated animals was 43. S ± 8.7 
hours, while untreated animals lived onl}' 1.3 
±0.4 hours after the onset of paralysis (Table 
II). Only 3 of the treated animals lived for 
less than 4 hours, while 2 survived for as long 
as 14 days. They showed complete recovery 
but died suddenly when the drug was with- 
drawn. In some of the other treated animals 
temporary partial or total disappearance of 
the paralysis was observed. 

Of the 84 mice which received the virus in 
M.L.D. 3.2 X 10-’’ concentration, 22 w^ere 
treated with malononitrile after paralysis de- 
veloped. Their survival time was 31.8 ± 6.1 
hours, as compared with 0.8 0.2 hour in 

24 control animals. About one-third of the 
treated mice showed partial or complete re- 
covery from the parah'sis but died later. 

The treated animals which survived ' for 
three months did not show the usual histo- 
logical involvement of the central nervous sys- 
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tern,® while those which died despite the treat- 
ment showed similar pathologic changes as 
the untreated mice except that the cytoplas- 
mic basophilic substance of the ner\'-e cells 
appeared better preser\'ed. 

Discussion. The described experiments in- 
dicate that malononitrile has a certain value in 
the treatment of mouse poliomj'elitis. - If low- 
er concentrations of the virus were used, 
treatment in the preparal3dic stage prevented 
death in more than one-half of the animals 
and prolonged the incubation period nearl}’' 
threefold. While death following huge doses 
of the virus could not be prevented by the 
drug, the life span between paraWsis and death 
was prolonged also in these cases. 

MTien malononitrile was given after the 
appearance of paralj'sis, in about one-third of 
the animals significant regression of the clin- 
ical sjTnptoms was obsen'ed. Complete re- 
coveiy was observ'ed in solitarj’’ cases but the 
animals died after cessation of the treatment. 

There are various waj’s in which a chemical 
compound may act against the poliomv*elitis 
wrus. It maj' have a prophylactic effect 
either due to the action upon the virus before 
it reaches the ners'ous sj'stem, or it may ren- 
der the nerve cells unsuitable for the multipli- 
cation of the virus. The arrangement of these 
e.xperiments precludes the possibility of a 

8 Lillie, D. R., and Armstrong, C., Puhl. Health 
Pep., 1940, 53, 718. 


direct inactivation of the virus before it 
reached the nervous sj’stem. IMalononitrile, 
however, maj’’ render the intracellular en- 
vironment unsuitable for continued develop- 
ment of the virus b,v its protective effect upon 
the nucleic acids. It maj’^ also help to restore 
the damaged function bj’- increasing the ribo- 
nucleic acid content of the attacked cells. 
Il’hile a direct action upon the virus within 
the cell is not probable, the possibility that 
this compound acts by interfering with an 
enz3>'me S3'stem of the host, essential for the 
multiplication of the \drus, has to be con- 
sidered. 

Summary, hlalononitrile treatment pre- 
seiA'ed the life of more than one-half of the 
mice infected with a low concentration of the 
Lansing t3'pe poliomyelitis virus, but onh’ pro- 
longed the life span of mice infected with 
large doses of the \arus. hlice treated with 
malononitrile after the onset of the paral3'sis 
showed marked^ prolonged survaval time. In 
about one-third of the animals partial or total 
recovery- of the parahlic s3'mptoms was ob- 
seiA'ed; the mice, however, died after cessa- 
tion of the treatment. 

The authors are indebted to Dr. S. O. Lerinsohn 
from the Michael Reese Medical Research Founda- 
tion of Chicago for the virus strain, and to Mr. 
Chester L. Bjrd, Jr., of the Hektoen Institute 
Virus Laboratory for his able technical help. 

Received August 3, 1949. P.S.E.B.M., 1949, 72. 


Change of Muscular Excitability by Eserine, Acetone and Methyl 

alcohol. (17317) 

Paul T. S. Chang (Introduced b3' Hsi-Chun Chang.) 

From the Department of Physiology, Peiping Union Hedical College, Peiping. 


The potentiation of acet3dcholine b3^ eserine, 
acetone, and methN-l alcohol being known, we 
are interested in finding out their influence 
on the electrical e.vcitabilit3’^ of the muscle. 

The rheobase and chronaxie were determin- 
ed with condenser discharge. The rectus mus- 
cle of .the toad was placed in a glass muscle 
chamber, moistened with Ringer's solution, 
and observed under dissecting microscope. 


.-Yrter the control reading had been taken, the 
rectus muscle was immersed in a bath of 8 
cc of Ringer’s solution, bubbled m'th air, and 
treated with 10 y eserine for 30 minutes, or 
0.05 cc acetone or methyl-alcohol for 3 
minutes, and. in addition. Ringer’s solution 
was alone used without adding 303- reagent for 
blank control. Following the treatment, both 
were redetermined under conditions as before. 
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TABLE I. 

Effect of iVIalononitrile When Given in Preparalytic Phase. 


Virus M.L.D. 

No. of mice 

Malononitrile 

given 

Avg incubation • 
time, days 

Storfality, % 

1.3 X 10-3 

24 

“f~ 

37.1 ± 13.3 

41.7 


24 

0 

10.2 ± 2.8 

100 

3.2 X 10-7 

84 

-f 

5.3 ± 1.2 

9T.6 


84 

0 

4.4 ± 1.3 

100 



TABLE 11. 




Effect of Malononitrile Given in tlie Paralytic Period. 





Avg survival time after 

Virus M.L.D. 

No. of mice used 

Malononitrile given onset of paralysis in lir 

2.7 X 10-5 

14 

-f 

43.5 ± 8.7 


24 

0 

r. 

1.3 ± 0.4 

3.2 X 10-7 

22 

+ 

31.8 -+- 6.1 


24 

0 

O.S d: 0.2 


hematoxylin-eosin, the sections were stained 
with gallocyanin and thionine (Windle’s modi- 
fication"). 

Results. The intraperitoneal administration 
of 6 mg malononitrile per kg body weight to 
normal mice produced within a few minutes 
rapid respiration, convulsions and death. 
Three mg per kg body weight was well toler- 
ated, although a general depression following 
an excitation state lasted frequently for many 
hours. 

All 24 mice which received the Lansing 
virus of M.L.D. 1.3. x 10^ died after an 
incubation period of 10.2 ±2.8 days. Of 
24 mice which received the same amount of 
the virus and 3 mg malononitrile per kg body 
weight the day after the infection, and, start- 
ing 6 days later, the same amount of the drug 
daily for 10 consecutive days, only 10, or 
41 1% died within 3 months. The average 
incubation time of the animals which died 
was 37.1 ± 13.2 days (Table I). 

Of 84 mice injected with a high nl.L.L). 
(3.2 X 10-") all died. Of 84 animals infected 
with the same amount of the virus and treated 
with malononitrile, starting the day_ after 
infection, 82 died after an incubation time of 
K5 1 2 days, which does not differ signifi- 
rantly from that of untreated animals (nc., 
“4 I 1.3 da ys). Only 2 of the mice which 

ana Bankm, J., 

Stain TechnoL, 101.^, 1®, 7/. 


received malononitrile survived in this group. 
The period between paralysis and death in 
the treated animals, however, was 17.8 ± 1.2 
hours, as contrased with 0.8 ± 0.2 hour in 
untreated mice. 

Of 38 mice infected with Lansing virus of 
M.L.D. 2.7 X lO"®, 24 served as controls for 
the determination of the survival time after 
paralysis developed, while 14 mice received 
3 mg malononitrile per kg body weight after 
paralysis appeared. The average survival 
time of the treated animals was 43. S ± 8.7 
hours, while untreated animals lived only 1.3 
±0.4 hours after the onset of paralysis (Table 
II). Only 3 of the treated animals lived for 
less than 4 hours, while 2 survived for as long 
as 14 days. They showed complete recoveiy 
but died suddenl3’' when the drug was with- 
drawn. In some of the other treated animals 
temporary partial or total disappearance of 
the paralysis was observed. 

Of the 84 mice which received the virus in 
iM.L.D. 3.2 X 10-7 concentration, 22 were 
treated uith malononitrile after paralysis de- 
veloped. Their survival time was 31.8 ± 6.1 
hours, as compared with 0.8 ± 0.2 hour in 
24 control animals. About one-third of the 
treated mice showed partial or complete re- 
covery from the paraij'sis but died later. 

The treated animals which survived for 
three months did not show the usual histo- 
logical involvement of the central nervous sys- 
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bination of acrolein with protein. If such a 
reaction takes place in the body, then it should 
follow that the configuration and chemical 
properties of the native protein molecule 
would be changed. Theoretically, protein mole- 
cules changed in this manner behave as sub- 
stances foreign to the body and may act in 
the capacity of an antigen and cause anti- 
body formation. Applying this principle to 
the pathologic physiologj’- of bums and bum 
shock, one might assume that any acrolein 
that may be produced as a result of a bum 
probably combines with body protein locallj' 
or systemically. In the combined state it 
theoretically might be detected. Animal ex- 
perimental studies were undertaken to demon- 
strate, if possible, by indirect evidence chemi- 
cal changes in protein molecules treated with 
acrolein, in order to test the validity of these 
considerations. 

Laboratory procedure. Freshly distilled 
acrolein was added to normal human and 
rabbit sera, in sufficient quantity so that the 
mixtures contained 0.5 and 1.0% of acrolein 
by volume. These mixtures were immediate- 
ly diluted 1 : 5 with physiological salt solution. 
Sheep serum was prepared in the same man- 
ner to contain 1.5% of acrolein. The flasks 
were stoppered with cotton; all were then 
placed in a constant temperature water bath 
at 37 °C, some for 4 daj's and others for 10 
days to permit any e.xcess acrolein to volatil- 
ize. At the end of this time, the contents were 
transferred to diaphragm rubber-stoppered 
bottles that were kept at refrigerator temper- 
ature (5°C). The acroleinized serum incu- 
bated at 37°C for 10 days undergoes further 
changes after approximately one month and 
will give nonspecific precipitin reactions when 
mixed with normal horse, rabbit, sheep or 
human serum. The acroleinized serum incu- 
bated at 37°C for 4 daj's and kept for as 
long as nine months was found to be free 
from nonspecific reactions. The microprecipi- 
tin test was used; the reactions were read 
within S minutes at room temperature. For 
the possible demonstration of cross reactions 
with formolized serum, normal human and 
rabbit sera were each prepared to contain 
0.8% formalin gas and placed in a constant 
temperature water bath at 37°C for 10 daj's 


with cotton stoppers to allow any excess 
formalin to volatilize. On the tenth day the 
formalized serum was removed and diluted 
1:5 with phj^siologic saline solution and trans- 
ferred to diaphragm rubber-stopped bottles 
and stored at room temperature. 

Immunhatlou. !Male rabbits, approximate- 
h' 7 lb in weight and 5 to 6 months of age, 
were used. All injections were given intra- 
venousljL .Acroleinized human serum incu- 
bated for 10 daj’s was injected dailj^ for an 
average of 6 daj’s. After this a rest period 
of a week was allowed. The injections were 
repeated in this manner for a series of 4 
courses of injections. The dailj’ amount given 
in the first series was 0.5 ml, 1.0 ml, in the 
second. 2.0 ml, in the third and the final 
series of injections 3.0 ml. .Acroleinized rab- 
bit serum incubated for 10 daj’s was injected 
in a like manner except, the first course of 
injections was 1.0 ml daily of 1:10 dilution; 
in the next 5 courses of injections a 1:5 
dilution was used. The amount injected dailj” 
in the second series of injections was 1.0 ml, 
third 2.0 ml, fourth 3.0 ml, fifth 3.0 ml. In 
the sixth and final series 5.0 ml were injected 
everj’ other daj’ of the 6 day period. 

Eight days after the completion of the 
series of injections, 3.0 ml of blood were 
collected from the ear vein of each of the 
animals receiving acroleinized serum incu- 
bated for 10 days and the antibodj’ titer de- 
termined. Later the same daj', 40.0 ml of 
blood were removed from the heart of each 
animal. To determine if bleeding would in- 
fluence the antibodj’ titer, an additional series 
of injections of acroleinized serum after the 
third series was then given as outlined above. 
.Antibodj' titer increases were onlj' slight. 

.Acroleinized human or rabbit serum in- 
cubated for 4 daj's was injected in dailj- single 
doses of 1.0 ml initially, 2.0 ml for the second, 
3.0 ml for the third, and 3.0 ml for the fourth 
and final series of injections. Ten daj's fol- 
lowing the last injection each animal was bled 
from the heart of approximately 50 ml. 

Formalized human or rabbit serum was in- 
jected dailj' for 6 daj's and then a rest period 
of about a week was allowed. This was re- 
peated for 5 courses of injections. The amount 
given iniliallj’ at each injection was 1.0 ml, 
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TABLE I. 


Excitability of Reetus Muscle Increased by Eserine, Acetone, and Methyl Alcohol. 






Elieobase 




Before treatment After treatment 

s 


No. of 

Bange, 

\ r 

Avg, Bange, 

-■^vg, 

Difference, 

Trea tmeut 

observations 

r. 

V. V. 

V. 

V. 

Eserine 

10 

.58- .71 

.669 ± .014 .34- .58 

.485 ± .024 

.184 .023 

Acetone 

10 

.65- .78 

.717 ± .014 .40- .66 

.583 .020 

.134 ±.024 

Metbyl-alcobol 

10 

.65- .77 

.705 ± .012 .44- .66 

-.569 -t- .019 

.136 ± .022 

Hinger ’s solution 

10 

.92-1.34 

1.106 ± .041 .90-1.33 

1.085 -t- .044 

.021 -t- .OCO 

(Blank control) 









Chronaxie 




Before treatment After treatment 



No. of 

Eange, 

— \ 

Avg, Bange, 

*^vg. 

Difference, 

Treatment 

observations 

msec. 

msec. msec. 

msec. 

msec. 

Eserine 

10 

1.30-7.46 

3.649 i .563 1.11- 8.14 

4.007 -t- .782 

.358 ± .964 

Acetone 

10 

.40-8.55 

3.086 ± .710 1.54-11.0 

' 3.859 -+- .830 

.773 ± 1.092 

Metlivl-alcoliol 

10 

.77-6.22 

4.104 rt .535 1.72- 6.75 

4.810 .532 

,70fi *+• .754 

Binger ’s solution 

10 

.87-7.96 

4.064±.788 1.91- 9.64 

5.308 -+- ,877 

1.244 ± 1.187 

(Blank control) 







It was found that rheobase was uniformly 
decreased by all these agents (Table I), 
indicating that the excitability of the muscle 
was definitely increased according to Chao.^ 
Similar treatment with Ringer’s solution gave 
no significant change. 

1 Chao, I., nie Science Seports of National 
Tsinp Sua Vniv. Series S, 2, 183. 


The chronaxie showed insignificant change, 
and we agree with Chao^ that it is not a valid 
measure of excitability in such a case. 

Stnnmary. With the threshold intensity as 
a criterion, the excitability of the rectus 
muscle is definitely increased by eserine, ace- 
tone and methyl-alcohol. 

Keceived December 10, 194S. P.S.E.B.JT., 1949, 72. 


Detection of Acrolein by Qualitative Immunochemical Analysis. (17318) 

George F. Kamen (Introduced by A. S. Wiener.) 

From the Department of Pathology, New Torh University College of Medicine, New York City. 


In a previous report^ it was shown that 
icrolein can produce a condition in experi- 
nental animals similar in its clinical and 
Dathologic manifestations to that accepted as 
‘■shock” The problem of the detection of 
aaolein'in blood or tissue by some sp^ific 
method next presented itself. Acrolein is 
found to be a chemically active and highly 
unstable compound that does not retain its 
Characteris tics for any length of time. These 

1943, 52, 303. 


two properties alone would make it difficult 
to detect by the usual qualitatis^e methods of 
organic analysis, especiall3’- when acrolein is 
present in small quantities. Secondly, as will 
be shown, there is e.\perimental evidence in- 
dicating that acrolein combines directly ivith 
protein, and no longer exists in a free state. 
It thus becomes obvious that the usual quali- 
tative chemical methods of detection cannot 
be used. 

Another possible method for the detection 
was suggested by a postulated chemical com- 
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groups. 

Conclusion. 1. These studies indicate that 
acrolein combines directly \rith some portion 
of the protein molecule to produce a conjugate 
that can be employed in the specific detection 
of acrolein by qualitative immunochemical 
methods. 

2. The basic molecular pattern of human 
and rabbit serum protein is not changed 
■when combined with acrolein at 37°C for 4 
days. The addition of molecules of acrolein, 
however, does change the configuration of the 
protein molecule without loss of species 
characteristics. This is sho'U'n by the failure 
to form antibodies when rabbits are injected 
■with acroleinized rabbit serum, and also bj' 
the response of the rabbits injected ■with acro- 
leinizcd human serum by producing antibodies 
that reacted not only against acroleinized 


human serum but normal human serum as 
well. These changes in the molecular config- 
uration were specific for acrolein regardless 
of the basic molecular pattern used, as e%'i- 
denced by cross reactions of antiacroleinized 
human serum rnth acroleinized serum of 
other species. 

3. Foreign protein conjugates of acrolein are 
necessary to produce circulating antibodies 
that can be detected in a test tube. 

Studies are now in progress on the detec- 
tion of acrolein in the blood and tissues of 
individuals who have suffered burns. 

1 wish to achnowlcdgc tlie lielpful advice and 
cooperation of Dr. Ale.vander S. Wiener and his 
laboratory personnel. 

KeceivedTlune 7, 194^ P.S.E.B.M., 1949, TS. 


Inhibitory Effect of Nitrogen Mustard (Bis Beta-Chloroethyl Amine) on 
Lesions of Experimental Serum Hypersensitiveness.* (17319) 

Samuee C. Bhkantz, Gustave J. Dammin, Keith S. Wieson, IMary C. Johnson, 

and Harry L. .\eexander. 

From the Departments of Internal Medicine and Pathology, Washington Vniversity School of 
Medicine, and the Oscar Johnson Institute for Medical Ilesearch, St. Lonis. 


Experimental serum hypersensitiveness has 
been studied intensivelj- because it may serve 
as a useful model in promoting understanding 
of certain diffuse vascular diseases appearing 
in man. The earlier investigations of experi- 
mental hypersensitiveness were concerned 
primarily with morphologic characteristics of 
the lesions and their similarity to those of 
the human diseases. Alore recent investiga- 
tions, concerned with pathogenesis, have dealt 
with the relationship of immunologic and vas- 
cular changes.''^ The information obtained 

This invcstig.ition w.ns supported by .a grant 
from the IT. S. Public Health Sendee. 

1 Hawn, C. V. Z., and Janeway, C. A., J. Exp. 
Med., 1947, 85, 571. 

- Fox, R, a., and .Tones, h. E., Proc. Soc. Exp. 
Biou Axn Med., 1944, 55, " 94 . 

3 Hopps, H. C,. and Wissler, R. W., J. Lah. Clin. 
.Med., I94G, .U, 939. 


has led to the general conclusion that the 
dei'elopment of humoral antibody and cutan- 
eous hypersensitiveness is apparently' related 
to the development of the vascular lesions. 
The role of immunological factors has been 
further investigated by determining the inci- 
dence of vascular lesions in serum-injected 
animals treated wdth drugs which may' 1) 
prei'ent antigen-antibody combination or the 
vascular response to such combination or 
2) inhibit antibody' formation. Salicylates 
and dicumarol inhibit antigen-antibody' com- 
bination in vitro , but as y’et there is no 

•t Sulliv.nn, C J., Phrl^r, T. .3nd Hibbert, 
K, W., Pp.oc. Soc, Exp. Biol, .vxd Hed., 194S, 
508. 

r> Coburn, A. F., and Kapp, E, M., J. Exp. Med., 
1943, 77, 173. 

0 Forman, C., Seiftcr, .T., and Ebricli, W. H., 
J. Allergy, in press. 
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TABLE I. 






Antigen dilution 



Antiserum 

Test antigen 

f 

1:5 

1:25 

1:125 

1:G25 

1:3125 

Titers 

Anti-acroleinized 
liuman serum 

Acroleinized 
human serum 

N ormal 



-f-f-k-k 

-k 

— 

1:125 


human serum 
Acroleinized 

+ +++ 

-H — 1"+ 

++++ 

-k-k 

— 

1:625 


rabbit scrum 
Normal 

++++ 

++++ 

-k-k 

— 

— 

1:125 


rabbit serum 
Acroleinized 

— 

— 

— 

— 

— 

0 


sheep serum 
Normal 

-f-ri-H — H 

-k-f-b-f 

-k-k-k 

+ 

— 

1:123 


sheep serum 

— 

— - 

— 

— 

— 

0 

Anti -acroleinized 
rabbit serum* 

Acrolein 

— 





0 


*■ No precipitins demonstrated against any of tlie test antigens including acrolcinized rabbit scrum. 


1.0 ml for the second and third, 2.0, ml for 
the fourth and 3.0 ml for the final series of 
injections. A preliminary bleeding one week 
after the third series of injections showed, in 
those rabbits receiving human serum, pre- 
cipitins that reacted against normal human 
serum and formalized human serum, but not 


against normal or formalized rabbit serum. No 
precipitins could be demonstrated in the blood 
of those rabbits that received rabbit serum. 
The formalin concentration was then ad- 
justed from O.Sfc to 2.0% (formalingas) and 
incubated at 37°C for 24 hours in^ sealed 
flasks. Two additional series of injections 
were then given and the rabbits bled from the 
heart 9 days after the last injection. The pre- 
cipitin reactions were the same as before. 

Results. Results are summarized in the 
table. While the rabbits injected mth acro- 
leinized rabbit serum did not respond, those 
injected with acroleinized human serum did 
produce precipitins. These precipitins reacted 
not onlv with acroleinized human serum but 
also mth acroleinized rabbit and acroleinized 
sheep serum. As expected, they also reacted 
■svith normal human serum due to the forma- 
tion of precipitins for normal human serum 
protein. That the cross reactions with acro- 
leinized rabbit and sheep sera were due to 
an antibody directed against acrolein m a 
combined form wth protein itself 
bv the observation that the antisenim did not 


and also did not react with pure acrolein. 

Discussion. The molecular configuration of 
rabbit serum protein is altered by acrolein but 
not sufficiently to act in the capacity of an 
antigen and cause antibody formation when 
injected into rabbits. Apparently the basic 
molecular structure of the protein characteris- 
tic of the human and rabbit species is not 
altered by acrolein. This is shown by tlie 
failure to form antibodies when rabbits are 
injected with acroleinized rabbit serum, and 
also by the response of the rabbits injected 
rvith acroleinized human serum by producing 
antibodies that reacted not only against acro- 
leinized human serum but with also normal 
human serum proteins. Slight changes in the 
configuration of the protein molecules, how- 
ever, did occur. These changes remained the 
same regardless of the basic molecular struc- 
ture of the protein as eridenced by cross re- 
actions of antiacroleinized human serum with 
acroleinized serum of other species. That the 
antibody nns directed against the acrolein in 
a combined form with protein itself is indicat- 
ed by the observation that the antiserum did 
not react with untreated rabbit or sheep serum 
and also did not react with pure acrolein. It 
would seem, therefore, that foreign protein 
conjugates of acrolein are necessary to pro- 
duce circulating antibodies that can be de- 
tected. From the chemical nature of acrolein 
and protein, it may be that this linkage takes 
place through indole nitrogen and amino 
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Nitrogen Mustard Inhibition of Hvpersensitivtness 


evidence that this effect occurs in vivo. That 
salicylates suppress the vascular lesions of 
serum hj^iersensitiveness has been re- 
ported the mechanism of this action has 
not been clarified. Since some of the cellular 
responses to antigen-antibody combination 
ma}'^ be related to histamine release, antihista- 
minic drugs have been used in attempts to 
suppress the lesions of e.v-psrimental serum 
hypersensitiveness. While such an effect has 
been reported,®’® our own efforts to prevent the 
vascular lesions with benadryl and neohetra- 
mine have been unsuccessful. 


Experiments designed to suppress anti- 
body formation were undertaken in an at- 
tempt to establish the pathogenetic importance 
of antibody. Recent evidence of the impor- 
tance of the lymphatic system in production of 
antibody suggested the use of lymphocjdo- 
toxic agents for this purpose, particularly 
since Hektoen and Corperii had inhibited' 
antibody formation with sulfur mustards and 
recent experimental studies^®-^® have demon- 
strated similar effects by the nitrogen mus- 
tards. Furthermore, nitrogen mustard has 
been found capable of reducing immunity in 
chicken malaria.^^ 

In the present study we have found that ^e 
nitrogen mustard, bis betachloroethjd amine 
(HN») suppresses antibody formation, the 
development of cutaneous hypersensitiveness, 
and the incidence and severity of vascular le- 
sions in rabbits receiving one intravenous inf- 
lection of 10 ml of horse serum per kg. The 
results obtained suggest that the ap pearance 

J. si., 

J. Lah. Clin. Med., 19-lS, S3, 93S). 

8 Kyser, F. A., McCarter, J. G., and Stengtc, J., 
J Lab. Clin. Med., 1947, 32, 379. 

‘sKy-ser, F. A-, ^'orthiucstem Vniv. 

2Icd. 'Scli’odl, 1948, 32, 256. 

10 Danimin, G. J., Euknntz, S. C., and Alexander, 

H L., J.A.M.A., 1949, 139, 348. ^ ^ 

11 Hektoen, E., and Corper, H. J., J- Inf. M,.., 

r^PhilUps, F. s., Hopkins, F. H., and Freeman, 
M L H., J- Jwniiinol., 1947, oo, 289. 

13 Spnrr, G. L., Pnoc. Soc. Fxr. Bion. Axn Mm., 

^^lI’T^af'erro, W. H., and T.aV.afcrra, F. G., 
J. Inf. Vis., 1948, S3, 5. 


of vascular lesions bears a direct quantitative 
relationship to the antibody response of the 
experimental animal. 

Experimental. Twent}^ rabbits were studied 
in this investigation. Ten rabbits were treated 
with HNo and received intravenous serum, 
while an additional 10 rabbits were given 
serum alone. 

Intravenous injections of 0.5 mg of HN 2 Ag 
were made at 3-4 da}’^ intervals for 3 doses 
prior to intravenous injection of horse serum. 
Four additional injections at the same inter- 
vals during the subsequent 2 week period 
preceded sacrifice. Leucocytes were enumrated 
before administration of mustards, after the 
5th injection ( 1 week after serum) and upon 
completion of the e.xperiment. Qualitative 
serologic tests were performed by a tube pre- 
cipitation procedure while quantitative anti- 
bod 3 '^ nitrogen (N) determinations were made 
colorimetrically by the technic of Heidelberg- 
er and MaePherson.'® Skin tests, using 5 
dilutions of horse serum, were graded accord- 
ing to the presence of hemorrhage and the 
area of edema and erj’-thema observed 24 and 
48 hours after intradermal injection of 0.2 ml. 

Ten animals were observed in each of 2 
e.xperiments. In the first experiment antigen 
persisted in the circulation for the duration of 
observation in all but one of the animals. 
The antibody response is graphicallj’’ repre- 
sented in Fig. 1, in which the upper 5 curves 
represent antibody titers of serum controls 
while the lower 5 are for the HN; treated 
group. It is quite evident that antibody was 
delayed in appearance and much reduced in 
amount in the HNo treated group. This find- 
ing is even more evident in the quantitative 
studies of the terminal sera of all animals as 
indicated in Fig. 2. 

The figures on each cunm represent the 
rabbit number and, in parentheses, the calcu- 
lated total antibody N content per ml of 
undiluted serum. Curv’es for the HNn treat- 
ed group are flat and the total antibody N 
content does not exceed .036 mg per ml, while 
the content of the controls varies from a 
minimum of .060 to .152 nig per ml. 

15 Heidelbergor, M., .md MacPhcr,son, C. F. C., 
Science, 1943, 97, 403; 98, C3. 
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EFFECT OF H:!2 OM AMTIBOOY BESPC»)S£ 

ANTlgCrt KTTR^CM 



tions and slight vascular lesions. It was our 
impression that these rabbits, reacting almost 
exactly as untreated rabbits, had been rela- 
tively unresponsive to HNo. 

Control rabbits in this experiment e.xhibited 
a fairly wide variation in total antibody N 
and no evidence of leucopenia at the com- 
pletion of the experiment. The severity of the 
^'ascular lesions developed by 4 of the controls 
was directly correlated with antibody lex'el, 
the mildest lesions occurring in rabbit C-5 and 
the most severe in C-4. The correlation be- 
tween the intensity of the Arthus reactions 
and the level of antibody was again imperfect, 
there being considerable rariability in skin 
responsiveness. 

In general, the 2 experiments reveal that the 
intensity of the vascular lesions correlated 
fairly directly wth the levels of antibody X 
in the terminal serum samples, whether the 
animals had been treated with HN; or not. 

The dimding line between the appearance 


of vascular lesions and their absence is at 
approximately .06 mg antibody N/ml. All 
rabbits with greater amounts of antibody 
developed vascular lesions, including one HN 2 
treated rabbit (5) of e.xperiment II. All ani- 
mals with less than .05 mg antibod}- X/ml 
failed to develop vascular lesions, with the e.x- 
ception of the one to which reference has al- 
ready been made (!M-5). 

Discussion. The vascular lesions of experi- 
mental serum hjpersensitiveness occur in 
animals treated in a manner known to induce 
the anaphylactic and Arthus tx-pe of hMJer- 
sensitiveness. The importance of antibody in 
the latter 2 hj’persensitive states has been re- 
peatedly demonstrated^'^*® and it would, 
therefore, seem logical to conclude a priori 

Opie, E. I.,., J. IvimunoL, 1924. O, 231. 

IT Culbertson, J. T., J. Immunol.. 1935. 29, 29, 

IS Cannon, P. E., and Alarshall, C. E., J. Im- 
munol., 1941, 40, 127. 

iSKiibat, E. A., Am. J. Med., 1947, 3, 335. 
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TABLE I. 


Exp. I. Effect of HNo on Besponsc to I.V. Horse Serum. 


Group 

Eabbit 

No. 

Antibody! 
X, mg/ml 

■\V.B.C. 


Artliius} 



Vasculnr 

lesion=5 

Before* 

After* 

' 1:1} 

1:5 

1:10 

1:20 

1:40 ' 

IINo 

87 

.015 

12,700 

2,700 

++ 

-b 

-b 

-b 

0 

0 

treated 

88 

.030 

9,050 

3,200 

-b-l- 

-f- 

-b 

-b 

0 

0 


89 

.016 

10,250 

1,850 

+ + 

-b-b 

+ 

4 " 

0 

0 


90 

.029 

10.200 

1,400 

-I-H- + 

-b-b-b 

+ + + 

-b-b 

-b-b 

0 


91 

.015 

9,350 

2,350 

-1-1-1- 

-b-b 

-b 

-b 

0 

0 

Control 

78 

.058 



-b-t-l-l- 

-b-b-b-b 

-b-b-b 

-b-b-b 

+ + 

0 


81 

.15-1- 



-1-f-l-b 

-b-b-b-b 

-b-b-b 

-b-b-b 

-b-b-b 

-b 


83 

.08 



-f-l-b-1- 

-b-b-b-b 

4~++ 

-b-b-b 

-b 

-b 


85 

.06 



-b-b-f-b 

-b-b-b-b 

-b-b 

-b-b 

0 

-b 


86 

.14-f 



-b-b-b-b 

-b-b-b-b 

-b-b 

-b-b 

-b-b 

-b 


* Completion of HNo Ex. } 13-14 days after serum. 

t Terminal scrum. f Dilution of horse serum injected intradermally. 


Table I summarizes the significant findings 
of Experiment I. The quantities of antibody 
N again illustrate the suppressive effect of 
HNo therapy. A significant leucopenia (of 
both granulocytes and Ijonphocytes) develop- 
ed in all HNo treated animals. In general, 
Arthus reactions in the HNo treated group 
were less intense than those in the control 
group and therefore paralleled the antibody 
levels. Skin reactivity did not, however, cor- 
relate perfectly with antibody level as indi- 
cated by rabbit No. 90, which with 0.029 mg 
antibody N/ml jdelded reactions equal in 
intensity to No. 86 with .14 mg/ml. None of 
the HNo treated rabbits dex'eloped vascular 
lesions w'hile arterial and/or endocardial le- 
sions of characteristic type were encountered 
in 4 of the S serum control animals. The type 
of arterial lesion obsers'ed is illustrated in 


'ig- 3. 

The results of the quantitative antibody de- 
erminations on the terminal sera of Experi- 
lent II are summarized in Table II and Fig. 4. 
rhree of the HNo treated group failed to 
levelop any antibody despite the fact that 
ntibody N production by the controls was 
onsiderably greater than in the first e.xpen- 
nent. One of the 2 remaining HNs treated 
abbits (5) in this e.xperiment, however, pro- 
luced amounts of antibody greater ^ 

,f the 5 controls and the other (jM-4) more 
han that produced by HN. treated rabb.U 
,f the first e-xperiment. = 

rented rabbits, 3 and ^vhlch had de- 

, ^eloped evident leucopenia under treatment, 


developed no antibody, yielded completely 
negative Arthus reactions and failed to develop 
vascular lesions. Rabbit M-S w'hich died S 
days after serum injection developed evident 
vascular lesions, for w'hich w'e have no satis- 
factory explanation. Rabbits 5 and M-4 
show^ed lesser degrees of leucopenia and de- 
veloped considerablj' more antibody than was 
common to the HNo treated groups; they 
also exhibited evident positive Arthus reac- 



Fio. 3. 

A m.voc.nnlial nrtory (from a scrum control ani- 
nml) c.xliiliitinc marked acute iianartcriti.s, and 
well-defined medial necrosis. 
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Shrinking and Swelling after Alpha Irradiation of Various Parts of Large 

Erythrocytes* (17320) 

Ralph Buchsbaum and Raymond E. Zikkle. 


InsUUdc of Itaaioiiology and Siophysics, University of Chicago, and Argonne Xaiional 

l/otorotory, CJiicopo, III. 


It is well known that ionizing radiations 
produce hemolysis of red blood cells in vitro, 
and this seems to be associated with swelling.^ 
Nearly all investigators have studied these 
phenomena with large populations of erythro- 
cytes so that variation in behavior of the 
individual cells can be smoothed out to get 
reproducible data. As far as we know, only 
one previous worker has used a microbeam to 
irradiate portions of a single cell. Tchakho- 
tine^ irradiated egg cells with ultraviolet rays 
focused to a 5 micron “point” and described 
local damage of the membrane and underly- 
ing cytoplasm. We are aware of no similar 
studies with ionizing radiation. 

In this study we have sacrificed the many 
advantages of using massive populations of 
eiythrocytes in order to direct our attention 
to the microscopic changes that can be ob- 
served in individual cells before, during and 
after irradiation. This method has revealed 
a striking effect that seems to have escaped 
attention. Using erythrocytes of Amphiuma 
and of man, we have observed that between 
the time of irradiation and the well-known 
swelling and hemolysis there occurs a shrink- 
age of the cells. After total alpha irradiation 
of a cell the whole cell shrinks. After irradia- 
tion of a portion of a cell only the irradiated 
portion shrinks. 

Methods and materials. Two methods of ir- 
radiation were used, total cell irradiation in 
which cells in tissue cultures on coverslips 
were e.xposed, and microbeam or partial cell 
irradiation in which only portions of cells were 
exposed. Two sources of alpha particles were 

• This n-ork was done under Contract IsGori-20 
with the Office of Naval Bescarch and with the 
cooperation of the United States Atomic Energy 
Commission. 

iTing, T. P., and Zirkle, R. E., J. Cell, and 
Comp. Physiol, 1940, 16, 189. 

2 Tchakhotine, S., Compt. rend. soc. biol., 1935, 
120, 714. 


used.! For total cell irradiation the source 
was polonium deposited on a palladium disc 
4 mm in diameter. This was mounted in a 
brass holder which simulated a microscope 
objective and could be screwed into the nose- 
piece of the nucroscope. In some experiments 
irradiation was administered from above by 
selecting a suitable field and then revolving 
the nosepiece to bring the sourceholder over 
it.® In other experiments the source-holder 
was mounted in the microscope condenser- 
holder so that cells could be irradiated from 
below. In the latter case, the cells were first 
observed with the condenser in place, then 
irradiated by substituting the source for the 
condenser, and finally obsers'ed with the con- 
denser back in place. Alternatively, the cells 
could be observed continuously before, during 
and after irradiation by using vertical illum- 
ination without the exchanges of source and 
condenser. 

For microbeam or partial cell irradiation a 
smaller source was used. The polonium was 
deposited on the end of a palladium wire, 
0.3 mm in diameter, which was then inserted 
into a steel sheath made from h}p>odennic 
needle. One end of the sheath was covered 
with an aluminum cap, the top of which was 
perforated with a small hole for the exit of 
alpha particles. This small source was mount- 
ed on the condenser-holder. In use, a prep- 
aration was focused on the microscope stage 
with vertical illumination. The body tube 
was then racked down 20 p., and the con- 
denser-holder bearing the source racked up 
until the top of the aluminum cover with the 

t The sources were furnished by the Chemistry 
Division of Argonne National Eaboratory. We 
arc especially indebted to Dr. W. it. Manning and 
Mr. P. R. Pields for their courtesy and to Mrs. 
Sylvia Warshaw for her services in preparing the 
sources. 

3 Zirkle, R. E., .7. Cell, and Comp, Physiol, 1932, 
2, 251. 
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TABLE II. 

Exp. II. Effect of HjSTo on Response to I.T. Horsa Serum. 

— — — Arthus 

Babbit Antibody , , / , Vascular 


Group 

No. 

mg/ml 

Before 

After 

1:5 

1:10 

1:20 

1:40 

1:80 

tesioDs 

HKg 

M-1 

0 

8,600 

1,200 

0 

0 

0 

0 

0 

0 

treated 

M-4 

.054 

11,950 

3,600 

-f-P-P 

-p-p + 

-f -f 

*1- 




3 

0 

11,500 

2,400 

0 

0 

0 

0 

0 

0 


0 

M-5* 

.sr-f 

0 

9,000 

9,300 

4,500 

2,900 

-}'4- 

-P-P -P± 

Not done 

-P± 

-P 

-h 

Control 

0-1 

.05 



6,650 

-p-p 

-P-P 


zt 

0 

0 


C-2 

.15 

— 

6,700 

4-4- 

4" 4- 

-P± 

0 

0 



C-3 

.275 

— 

5,750 

++++ 

i'+++ 

-f-P-P 

-p-p-p 

+ 



C-4 

.So-p 

— 

10,000 

+++ 

4--f- 

-P-P 

-p± 

+ 

■ -p 


C-5 

.086 

— 

0,400 

++ 

+ 

+ 


0 

lir 


* Died 8 days after scriim I. A’’. 


that the development of vascular lesions by the 
serum-injected rabbit would also be related 
to the development of antibody. Nevertheless, 
several previous studies are not in agreement 
with this conclusion.®-’' 

In- the present experiments, the nitrogen 
mustard, bis beta-chloroethyl amine induced 
leucopenia and a parallel suppression of both 
antibody formation and vascular lesions. 
While suggestive, these studies, however, are 
not interpreted as establishing the role of anti- 
protein antibody in the pathogenesis of the 
experimental vascular lesions. The nitrogen 
mustards are powerful inhibitors of a num- 
ber of enzyme systems and of a variety of 
tissue metabolic functions; some of the sys- 
tems affected may possibly play a role in the 
pathogenesis of the vascular lesions, inde- 
pendent of the antibody present. It would be 
desirable, in defining the role of antibody, to 


reproduce the lesions by passive transfer 
methods, to study the effects of x-rays, and 
to extend the present observations to include 
larger groups of animals before attempting 
■to formulate recommendations regarding man- 
agement of related human diseases. 

Sumvtary. Periodic intravenous injections of 
the nitrogen mustard, bis beta-chloroethyl 
amine, suppressed both antibody formation 
and the development of vascular lesions in 
rabbits injected intravenously m’th a massive 
dose of horse serum. The incidence of vas- 
cular lesions was directly correlated with the 
amount of antibody produced, since all rab- 
bits with terminal amounts of antibody in 
e.xcess of 0.06 mg nitrogen per ml exhibited 
vascular lesions. Cutaneous hypersensitive- 
ness failed to develop in rabbits which did not 
produce detectable amounts of antibody. 

BcctiTed June S, 1!)19. P.S.E.B.JI., 1049, 72. 





Fig. 2. 

Pliototnicrogr.iplis of 2 Aiiipliiuma orythrocrtcs exposed to partial coll irradiation with 
polonium alpha particles through a 21.fi p' hole. ’ Each e.xposure lasted 90 minutes and corres- 
ponded to a dose of 7.5 X Ifii rep. (A) Cell being irradiated at one end; outline of opening 
through alumiuum cap is also shorni by focusing down 20 ft. and making a second exposure; 
(B) normal unirradiated control. (C) 15 minutes later, one end of irradiated cell is severely 
.shrunken; (D) the other end of the same cell is being irr.adiated. (E) The second end is 
shrinking; body of cell is swelling. (F) Swelling continues; nuclear change is evident; (G) 
Control cell is now being irradiated at its center. (H) First cell has hemolyzed 143 minutes 
after beginning of irradiation. (I) Second cell beginning to shrink, particularly on the lower 
side 48 minutes after beginning of irradiation; (J) Second cell begins to hemolyze 94 minutes 
after beginning of irradiation, (complete hemolysis, not shown in figure, occurred 120 minutes 
after beginning of irradiation). 


it is likely that the alpha particles pass com- 
pletely through the ends of the cells, whereas 
they do not pass completely through the cell 
at its center, irradiation at either end of the 
cell involves twnce as much membrane area as 
is the case for irradiation at the center. It is 
not clear whether the longer hemolysis time 
of the cells irradiated at their ends is due to 
greater shrinkage or to the fact that the nu- 
cleus was not irradiated. Experiments are in 
progress to determine this point. 


Summary. Erj^throcytes from Amphiuma 
and from man were irradiated in vitro with 
polonium alpha particles (a) from an ex- 
tended source (4 mm in diameter) and (b) 
with a small beam (20 p in diameter). The 
cells first shrank, then swelled and hemolyzed. 
Local irradiation of a part of a single cell re- 
sulted in shrinkage onlj"^ in the irradiated 
portion. This was follow'ed by swelling of the 
whole cell and hemolysis. 

Received June 27, 1949. P.S.E.B.M., 1949, 72. ' 


28 


Effects of Partial Cell Irradiation 



Fig. 1. 

Photomicrdgraplis of an Auipliiuma erytlirocyfe sliowing normal coll, slirinRage, snelling, 
and liemolrsis, after 5 X lO"’ rep of alplia radiation. Vertical illumination. Length of normal 
cell, 75 ft. 


■hole came into focus. B}^ this procedure the 
source was brought as close as feasible to the 
cells. The hole was centered with respect to 
ocular cross hairs. To make an e-xposure a 
piece of coverslip was withdrawn and rein- 
serted as a shutter in the space between the 
aluminum cap of the sheath and the 4 
mica slip at the bottom of the preparation. 

The radiation consisted e.xclusively of pol- 
onium alpha particles (energy 5.3 Mev). Since 
these particles have a total range of only 
about 35 n in tissue, the path from the source 
to the cells was made as short as possible to 
permit maximal penetration into the cells. 
The 4 mm source had an initial activity of 
790 mc. The distance between source and cell 
^\'as 490 p and the dose rate was calculated 
to be about 132,000 rep per minute. Ex- 
posures lasted from one to 50 minutes. The 
microbeam source had an activity of 275 pc 
at the start of these experiments. T^he total 
number of particles reaching the field of ir- 
radiation was determined by direct count of 
those passing through the small holes “^ed. n 
■the case of the 21.6 p hole, winch was us^ 
most extensively, 12,500 particles emerged 
per minute. The area covered by the parti- 
cles mas determined directly. An Eastman 
NTA plate n-as substituted for a cell prepara- 
tion and bombarded for one minute. A pho- 
lom-aph of a stage micrometer was also made 
at the same time. Superimposing these Uio 
fLges gave the area of bombardment. Ex- 
ranged from one to 90 minutes; the 
Smge dose rate ims 84,000 rep per minute. 


Time of exposure was corrected for radioactive 
decay of the sources. 

Cell preparations were made as follows. 
After partial caudal amputation, a drop of 
Amphiuma blood was allowed to fall upon a 
coverslip and was covered immediately with 
a mica coverslip 3.5 to 4.5 p thick (0.7 to 
0.8 mg per cm-) . Blood from man was dranm 
bj' skin puncture. The preparations were 
sealed with vaseline. Cell changes were re- 
corded both by fast-motion cine-photomicro- 
graphy and by still photomicrograph}'. Cyto- 
logical details not visible by vertical illumi- 
nation were studied with phase microscopy. 

Results oj Total Cell Irradiation. Groups 
of irradiated err'lhrocytes from Amphiuma or 
man generally show the same type of response 
with respect to hemolysis. A typical response 
is shown in Fig. 1. .■\fter irradiation the cells 
shrink, becoming very wrinkled. Later the)’ 
swell until they reach or e.xceed their initial 
size, after which they hemolyze. Cells which 
shrink the earliest and to the greatest extent 
take the longest to swell and to hemolyze. 

Results oj partial cell irradiation. Individ- 
ual Amphiuma erythrocytes, after irradiation 
as described above, shrink in the irradiated 
portion only. However, the subsequent swell- 
ing involves the entire cell and results in 
hemolysis (Fig. 2). 

Cells irradiated over their central portions 
shrink less and hemolyze significantly sooner 
than those irradiated at their ends. The ends 
of the Amphiuma erythrocyte are thinner than 
the center, which contains the nucleus. Since 
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TABLE n. 

Neutralizatiou Tests intli Type-3 Strain J.Ol., Xo. 49,191. 


lilouse brain suspension 


Undiluted serum 

10-1* 

10--^ 

10-3 

10-f 

10-5 

lO-c 

Normal hamster pool, 1/20/49 




7/7 

2/7 

1/7 

Type 1, T.T. hamster pool, 11/4/48 


S/S 

8/S 

S/8 

5/S 


Normal hamster pool, 6/16/47 




8/8 

6/8 

1/S 

Type 2, El., hamster pool, 11/8/4S 


8/S 

8/8 

8/8 



Normal mouse pool, 2/14/49 



8/8 

8/8 



Type 3, J.Ol., mouse pool. 3/4/49 

0/7 

0/7 






• Original dilutions. 

Denominator indicates number of mice inoculated; numerator records number dead, para- 
lyzed, or missing during the critical period of the test. 


TABLE in. 

Effect of T3'pe-3 Rabbit Serum on Strains of 3 Types. 





Infected mouse 

brain suspension 




T3pe 1, T.T. 

Type 2, 

,F]. 


Type 3, J.Ol. 


Undiluted serum 

io-i* 

10-2 

10-3 

10-1 10-2 

lO-s' 

10-1 

10-2 

10-3 

lO-i 

Normal rabbit 

No. M813, 3/9/49 

8/8 

4/7 

1/6 

7/7 6/6 

8/8 


9/9 

4/7 

2/7 

J.Ol. immune rabbit 

No. M813, 5/4/49 

8/8 

7/7 


7/7 7/7 


0/6 

0/7 




* Original dilutions. 

Denominator indicates number of mice inoculated; numerator records number dead, para- 
lyzed, or missing during the critical period of the test. 


One family of mice tvas inoculated intraperi- 
toneally (0.05 ml.) with each dose. 

One of the 1947 New York State isolations, 
T.T. (type 1), was selected as the representa- 
tive strain for serum preparation. Each new- 
ly isolated virus was tested for neutralization 
by this serum. lATien a strain was encoun- 
tered that failed to be neutralized, antiserum 
was prepared with it. 

The first Wilmington isolation, FI., proved 
to be a second type (type 2) and a 1948 New 
York State strain, J.Ol., a third tjpie (type 
3). Cross-neutralization tests demonstrated a 


distinct differentiation among the types. Rep- 
resentative tests have been summarized in 
Tables II and ID. 

The remaining strains when tested with 
these sera fell into the types indicated in 
Table I. 

Summary. Among 13 \irus strains which 
have been isolated from fecal specimens of 
patients with a tentative diagnosis of polio- 
myelitis, and which induce muscle injury in 
suckling mice, 3 serologic types have been 
encountered. 

Bcceivcd June 27, 1949. P.S.E3.AL, 1949, 73. 
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Serologic Differences Among Strains of the Goxsackie Group of Viruses. 

( 17321 ) 

‘ Grace M. Sickles and Gilbert Dalldorf. 

From Division of Laboratories and Eeseareh, New Yorl: State Department of Scaltli, Albany. 


Since .the isolation in suckling mice of an 
infectious agent from feces of 2 paralyzed 
children’^'^ a number of fecal specimens from 
other patients with a tentative diagnosis of 
poliomyelitis have been examined and 18 ad- 
ditional strains isolated. Some of these differ 
from the agent originally described in the 
signs of disease and the lesions they induce 
in. suckling mice, and are being studied. The 
remaining 11 strains are similar to the original 
in causing extensive degeneration of the 
striated muscles of the experimental animal 
without damage to the central nervous sys- 
tem. In this group 3 serologic types have been 
encountered. 

The localities frorh which the strains were 
obtained are indicated in Table I. The first 
2 are those originally isolated. Five were 
obtained from fecal specimens collected in 
Wilmington, Del., during the 1947 epidemic 
of poliomyelitis and 6 from cases in 1948 in 
widely separated communities in New York 
State. 


The serologic differentiation was made by 
the neutralization test method. Sera were 
prepared in mice and hamsters. Adult ham- 
sters received living virus, in 10% hamster 
brain suspension, intraperitoneally in 3 or 4 
weekly doses of 1 ml. Mice were given 
formalinized (strain T.T.) or living virus in 
mouse brain suspension intraperitoneally in 
3 weekly series of 3 daily doses. The amounts 
injected increased from 0.1 to O.S ml. Bleed- 
ings were usually taken on the 7th or 8th 
day after the last dose. All mice and hamster 
sera were pools. Rabbits were immunized 
with one strain (J.Ol.). A total of 35.5 to 40.5 
ml. of living virus in 10% mouse brain sus- 
pension was given intravenously and intraperi- 
toneally over a period of 36 to 46 days. Serum 
of only one of 3 rabbits was satisfactory. It 
appeared to be tj^pe- rather than species-spe- 
cific. 

Equal amounts of serum and infected suck- 
ling mouse brain suspension were mixed and 
let stand at room temperature for one hour. 


TABLE I. 

Serologic T.ypes of Strains Isolated in Suckling Mice. 





Outbreak 


Patient 

Ago,yr 

f 

Yc.ar 

Locality 

Serologic type 

T.T. 

K.H. 

9 

3^ 

1947 

1947 

New Yorl: State 

f } 

1 

1 

FI. Pool 
M.H. 

J.K. 

A.W. 

C.E. 

9.5 

13 

8 

4 

12 

1947 

1947 

1947 

1947 

1947 

Wilmington 

) j 

ff 

ff 

7 7 

O 

2 

O 

0 

1 

N.C. 

8 

(3 

1948 

New York State 

o 

1948 

7} 

2 

J .H. 

4 

1948 


2 

B.T. 

L.P. 

4 

1948 

1948 

77 

2 

O 

N.A.B. 

J.OL 

2 

1948 

7 7 

3 


Grace IL, 

ore. 

aegord, and Gifford. Bel^occa. .7. Frp. Med., 


1949, 89, 5G7. 

•t Gifford, EoLccca, and Balldorf, Gilbert, Piioc. 
Soc. Exr. Biol., .vnd JIed., 1949, 71, 5S9. 

•I Dalldorf, Gilbert, Science, in press. 
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TABLE IX. 

Keeovcrv of Hydrogen Peroxide by Gasometric 
Metliod. 


.Substrate 

Added 

ppm HoOo 

by On evolution 



Water 

8.1 

17.6 

jVmino acids 

8,3 

19.7 

Water 

16.8 

2S.6 

Amino acids 

16.8 

2S.5 

Water 

16.400 

26,100 

Water 

32,800 

52,400 


concentrations of were decomposed b\' 
acid permanganate and the oxi’gen evolution 
measured. This reaction releases one mol 
of O2 per mol of peroxide and the concentra- 


reaction and not the total gas evolved.®'^” It 
is obvious from the work by iNIolIand^^ that 
the reaction is comple.x and difficult to de- 
scribe by any simple set of equations. If the 
mecham'sm postulated by Keilin and Hartree^® 
is correct, 

4Fe— -h 2HoOo ‘ 4Fe*- 4H- -h 20.. 

4Fe-- + 4H-' + 0-2 ' 4Fe+-- + 2HoO 

2H2O7 SH^O -f Oo 

it would appear that under the conditions of 
our measurements (a well buffered substrate 
with e.xcess catalase) the second step does not 
occur. Or if the mechanism postulated b}'^ 
Chance'® is correct, 


Cat (OH), + HoOo [(Cat(OH)3(OOH)I - Cat(0H)3(00H)II]* -f- HoO 
Cat (0H)“3(00H)I* + H3O2 — Cat {OH)^ + H^O + Oj 


tion indicated by Oo evolution always checked 
ver\- closely with the initial known concentra- 
tion. Thus the contradictory results are in- 
herent in the catalase-peroxide reaction and 
not in the experimental method. The gas 
evolved by the catalase reaction was analyzed 
and found to be 100<fo oxj-gen. As the con- 
centration of enzyme was decreased the total 
gas evolution decreased to the e.xpected 
amount, one mol for each 2 mols of H^On de- 
composed. Further decrease in the enzj-me 
concentration, so that no active catalase could 
be detected after gas ermlution ceased, gave 
low values for the peroxide content as would 
be e.xpected from the incomplete reaction. 

Disaissioii. The mechanisms postulated for 
the reaction between hydrogen peroxide and 
catalase have been discussed b}’- Stern,®-' and 
Sumner,® and others. ?iIost of the work done 
with catalase has been based on the rate of 


® Stem, K. G., 1942, A Symposium on Respira- 
tory Enzrunes, pp. 74-103, University of Wisconsin 
Press. 

■ Oppenheimer, C., and Stern, K. G., 1939, Bio- 
logical Oxid.ation, The Hague. 


2H2O2 2H3O -f Oo 

the reaction does not go to completion under 
the conditions of our experiments, but stops 
at one of the intermediate comple.xes which 
spontaneously breaks down. It is presumed 
that the catalase is inactivated in yielding the 
1:1 ratio of pero.xide to oxx'gen. 

Summary. Determinations of the peroxide 
content of irradiated broth using catalase in 
a Warburg respirometer were found to be 
inaccurate. In the presence of excess catalase 
the oxx-gen evoh'ed approaches a value of 
twice that indicated by the accepted general 
equation for enzymatic decomposition of 
H3O2; if too little enzjnne is used the re- 
action is slow and incomplete. The method 
is unsatisfactor3'^ for the quantitative determi- 
nation of pero.xide. 

S .Sumner, .1. B., Adv. 1941, 1, 163. 

fXortlirop, J. H., J. Gen. Phi/nioL, 1924, 7, 373. 

10 Keilin, 0., and Hnrtree, E. P., Proc. Pot/. 
Soc. B., 1937, 134, 397. 

11 Molland, J., Acta Path, ci ilicrohiol. Scand., 
1947, «C, 9. 

* Intermediate complexes formed. 

12 Chance, B., Xaturc, 194S, 101, 914. 
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Gasometric Determination of Hydrogen Peroxide. (17322) 


J. Bennett Claek, Orvilee Wyss, Felix Haas, and Wilson S. Stone 
(Introduced bj' C. E. Lankford.) 

From the Laboratories of Bacteriology and Genetics, The University of Texas, Austin, Texas. 


We’ have reported the determination of 
small amounts of peroxide in bacterial culture 
media by measurement of the oxygen evolu- 
tion in a Warburg flask when a cbtalase 
preparation is added to the peroxide-contain- 
ing substrate. These determinations were 
made because the mutagenic properties of 
irradiated broth have been linked with its 
peroxide concentration.--" Further work on 
methods of peroxide determination has shoum 
that the generally accepted overall equation 
for the breakdoivn of hydrogen peroxide by 
the action of catalase, 


2H2O2 


2H2O + O2, 


does not express the quantitative relation- 
ships that occur in the reaction as we em- 
ployed it. When excess catalase ivas used 
to give the rapid completion of the reaction 
desired for quantitative estimation, the re- 
sulting gas output always exceeded the theo- 
retical computed from the above equation 

Methods. Known concentrations of hydro- 
gen peroxide- were made by dilution of an 
82% stock solution, which was checked y 
iodometric titration, acid f 

tion, and the colorimetric method of Bonet- 
TMaury"* This colorimetric method utilizes a 
sulfate reagent which giv. a^ 1- 
color in the presence of H 0 O 2 . A standard 
S ”e was prepared by using knou-n concen- 

ZL o"p=r«»de i„ 

amino add snbsttates, and 

were found to always agree -mthin ± 0.1%. 

mVip catalase preparations used were catalase 

loriS) and a blo od preparalion ontraclri ^ 

2 stone, AV. S., „ 

,Yat. .leaii. ScL 17 5 1. ' j. B., 

3-VI'vss, 0., btone, 


cording to the method of Sevag.-"’ O-xj'gen 
evolution was measured in the Warburg respi- 
rometer or, when large concentrations of 
peroxide were used, in a gas burette. The 
substrate was either water or the amino acid 
components of the standard sioithetic medium 
for Micrococcus pyogenes prepared at 10 
times the concentration used for growing the 
organisms. 

Experimental. Aliquots of the amino acid 
solution were irradiated by a quartz ultra- 
violet light at various temperatures for 20 and 
40 minutes and the resulting pero.xide concen- 
trations determined by the colorimetric 
method of Bonet-Maury and bj' the catalase 
gasometric method. Table I shows the dis- 
crepancies between these two methods. Since 
the colorimetric method is based on a stand- 
ard cun-e made uoth known concentrations of 
peroxide and consistently gave accurate re- 
sults when employed on known samples, it 
would appear that the gasometric results were 
in error. 

As a further check of the assumed inaccura- 
cy of the gasometric method, knorni concen- 
trations of H 2 O 2 were added to water or to 
the amino acid substrate, and the pero.xide 
concentration indicated by o.xygen evolution 
was calculated. Table II records some typical 
results. 

.As a check on experimental methods, known 


TABLE I. 

11^02 Content of Irradiated Amino Acid Solution. 
Irr.odiation ppm HjOo 


Temp. 

Time, min. 

Colorimetric 

A 

Gasometric 

-l.a' 

20 

4.5 

fi.S 

•J.u" 

40 

7.2 

16.3 

23' 

20 

n.o 

18.1 

03 e 

40 

16.0 

31.4 

40' 

20 

9.5 

19.8 

40' 

40 

14.2 

26.2 

.=58' 

20 

9.2 

19.8 

0 Sevag, 

, iM. G., and 

Mauvi-g, L., 

ISiochem. Z., 


1936, 288, -11. 
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Fm, 1. Edge of small lesion in cerebral cortex 5 hours after irradiation. To the right is 
the area of heary destruction, to the left that of unaffected tissue. Cresvl violet stain. 

Fio. 2. Hypercliromic nerve cell of fifth cell layer of cerebral cortex. Cresyl violet stain. 

Fig. 3. “Polka-dot” degeneration of cell from fifth cell layer of cerebral cortex. Cresyl 
violet stain. 

Fig. 4. Plasma cell like changes in satellite oligodendroglia in fifth cell layer of cerebral 
cortex. Hematoxylin and eosin stain. 
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Effects of Beta Rays on Central Nervous Tissues/ (17323) 
Berry Campbell and Rosalind Novick. 

From the Department of Anatomy^ University of Minnesota Medical School, Minneapolis. 


The present report is made specifically to 
define the gross morphological changes evoked 
in the neurons and glial cells of the nervous 
system by high doses of ionizing radiations. 
The use of local irradiation by means of a 
radon applicator 'was made in order to study 
a sharp gradient of tissue reaction in the cere- 
bral cortex. Similar technic has been de- 
scribed by Levin^ in studies of other tissues 
and by Peyton- in an investigation on the 
effects of radium on the central nervous sys- 
tem. By comparing the various concentric 
zones of cellular alteration in a lesion the center 
of which showed complete destruction of cells, 
the pattern of progressive cytologic alteration 
has been made clear. In this series of experi- 
ments, the high gradient was caused both by 
the short trajectory of the bombarding elec- 
trons in the tissue and by the exponential 
operation of the law of the inverse square. 
For the present study, a solution of the dif- 
ficult question of dosage from radon applica- 
tors will be deferred until, in a later report, 
the effects of dosage will be more fully dis- 
cussed. Nor -will attention be paid in this 
paper to the possible effects of the very small 
fraction of ionization caused by the hard 
gamma radiation which is delivered by the 
radon applicators. We have no data which 
would cause one to believe that the action of 
one type of ionizing radiation is essentially 
different than of another. The effects of the 
gamma rays in the present experiments is 
thought to make the gradient of e.\-posure 
somewhat less steep by reason of their great 
tissue penetrating properties. They are, of 
course, also subject to the law of ^e inverse 
square and, forming a small fraction of the 
total ionization, seem not to complicate 


natters. - 

.1 gr.int from The N.itional Founda- 

!on for Infantile Pamlrsis. 

1 Levin, P«oc. Soc. Exr. Biol, and Med., 1...4, 
!1 402. 

" 2 Peyton, AV., Am. J. Cancer, 1934, 20, 558. 


' Cats were used in the experiments. Trephin- 
ing’of the calvarium over the parietal region 
of the cerebral cortex was performed under 
barbiturate anaesthesia and the dura mater 
carefully' slit and raised. The administration 
of the irradiation was by means of a small glass 
bubble (ca 2 mm in diameter) containing 
emanation of radium. The heads of the cats 
were held in a rigid holder and the radon 
applicator was fastened to a 3-directional mi- 
crodrive and thus directed to the surface of 
the cortex. The duration of tlie e.xposures 
varied from 5 to 32 minutes, the calculated 
activity of the applicators from 30 to 78 
millicuries. The dura was then returned to 
place (in the longer experiments) and the 
skin carefully sutured over. Killing was by 
overdose of sodium pentobarbital. Where im- 
prints of the lesions were made, the cortex was 
dissected out fresh and after the imprints, the 
material of the lesion was fixed byi immersion 
in 10% formalin. In several of the experi- 
ments, the animal was first perfused with 
formalin and the lesions subsequently' dis- 
sected out. Though maps of the sulci and 
the positions of the sites of irradiation were 
kept, some difficulty was had in locating those 
lesions which were not strongly enough ir- 
radiated to cause a wsible pink spot. 

Observations. Fig. 1 shows the edge of a 
typical lesion in the cerebral cortex 5 hours 
after exposure. To the right is the area, just 
visible in the photograph, of complete de- 
struction. Towards the left the affected area 
borders the normal corte.x. The alteration 
towards basophily of the neurons and of the 
glia is -visible. The meninges and the surface 
of the brain frequently are much altered at 
the point of contact with the applicator. In all 
of the marked lesions, as in Fig. 1, there was 
considerable breakdown of the layered struc- 
ture of the cerebral corte.x. The disturbance 
of the tissue seldom extended into the neigh- 
boring white matter. The neuronal changes 
in the area bordering that of complete tissue 
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they are followed through the zones of higher 
exposure. These consist of a marked hyper- 
trophy of the nuclear membranes and the ac- 
cumulation of XTsible cytoplasm. There is 
no sign of either cell undergoing destruction 
in the outer zones and the phenomenon of 
convergence to a common cell tj'pe is well 
marked. In the region of intense destruction 
of the neurons, these altered cells of the mes- 
oglia show a tendency to clump around the 
remains of the nerve cells but signs of phago- 
cytic activity were not made out with cer- 
tainty (Fig. 4). Instead, the cytoplasm 
showed an absence of the foamy and detritus 
ladened appearance of true macrophages. Ex- 
amination of these altered glial cells in air- 
dried imprints of the lesions stained with 
IVright-Giemsa shows that the cells resemble, 
in some particulars, the brain plasma cell. The 
nuclei tend to be eccentric, the chromatin 
particles very coarse. There is a basophilic 
cjdoplasm which resembles in its staining and 
texture that of the plasma ceil. A perinu- 
clear halo is, however, infrequently seen. 

The changes undergone by these mesoglial 
cells (cligodendroglia and microglia) are simi- 
lar to those of other cells of supportive tissue 
in inflammatory reactions. Thus the nucleo- 
lar chromatin increases in amount, the nu- 
clear membrane hypertrophies, and both the 
volume and the nucleic acid content of the 
cytoplasm is altered upward. As is the rule 
in other supporting tissues, the rounding up 
of the cells occurs as a correlate of these 
processes. 

In the older lesions, infiltration of hema- 
togenous cells, first polymorphonuclear leuco- 
cytes and later lymphocytes occurs. The 
former species degenerate, the Ijunphocytes 
differentiate into intermediate polyblasts as de- 
scribed by Good." 

Discussion. A limiting factor in the inter- 
pretation of results such as presented here is 
the impossibility of ruling out the indirect 
effect of the irradiation on the cell com- 
ponents of nen’ous tissue by disturbance of 
the vascular system. Work is underway to 
circumvent the complication by irradiation 

•'1 Good, R. A., ,T. Xnnopath. nnrf Exp. Xcurol., 
5n press. 


of cells in tissue culture. Prior to such im- 
proved data, however, the present findings 
are not without considerable interest. 

The ability of such small radioactive sources 
to make restricted lesions in the nervous sys- 
tem has obxdous uses. Not only does the 
small size of the lesion furnish a gradient 
from normal to destroyed tissue along which 
changes may be traced with especially good 
control, but bloodless destruction of certain 
tracts and nuclei whose vascular system is 
related to surface vessels may be more prac- 
tical than hitherto. Details necessarj" for 
exploitation of this method in surgery- must 
be worked out in long term e.xperiments of 
this sort. 

The chromophilic “sclerotic” nerve cell, so 
conspicuous in these preparations, has been 
previously studied in this laboratory' (IMiller," 
Hartmann"') and found to be more than a 
fixation artifact. Production of this cell 
change by- such means as ischemia (Tureen®), 
inanition, or chronic methylene blue poison- 
ing (Naatanen") has not been successfully 
duplicated in this laboratory'. 

Both the changes in the neurons and in 
the glia show' the protein sy'nthetic mechan- 
isms of the cells to be susceptible to altera- 
tion by ionizing irradiation. The as yet un- 
deciphered link between the genic chromatin 
in the nucleus, the cy'toplasmic (and nucleo- 
lar) ribose nucleic acid, and phy'siological 
states associated %Yith inflammation is appar- 
ently a target in the experiments described 
here. Not only' in the chromophilic neuron, 
but particularly in the glia, is this obvious. 
The mesoglial elements give rise to plasma- 
cell like cells rather than to macrophages as 
would be expected in lesions of similar mag- 
nitude formed through other means. MTiile 
these cells show' some tendency to cluster 
around the neurons, phagocy'tic activity, as 
judged by' the appearance of the cy'toplasm, 
could not be postulated. As recent work on 
the relations of macrophages and plasma cells 
in e.xperimental brain lesions has shown that 

CTurcpn, L. L., Arc/i. Xciirol. and Phpchint.. 
1936, So, 789. 

T Naatanen, E., Acta path, cl jtiicrohio!. Scant!., 
1945, 22, 603. 
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destruction are severe and segregate into two 
general patterns. First is the hyperchromic 
reaction ivhich leads to cells similar to those 
described by Miller® and Hartmann^ in cere- 
bral cortex of cats and other animals. This is 
characterized by a simultaneous increase in 
basophilia of all elements of the cell and a 
shrunken, ragged appearance. The second 
type of change observed leads to fragmenta- 
tion of the nuclear chromatin and a progres- 
sive loss of nuclear membrane and cytoplas- 
mic structure. In the area of heaviest ir- 
radiation all of the neurons of the cerebral 
cortex are affected. Toward the edge of the 
lesions it is seen the changes continue for a 
greater distance from the source in the large 
pyramidal cells of Layer S than in the granule 
cells of Layer 4. Inspection of the deeper 
layers closer to the center of the lesion shows 
that the large pyramidal cells, which seem 
affected by a lower dosage, also show a 
greater resistance to the rays in that they 
persist, as hyperchromic cells, in areas quite 
devoid of other neuron types. Further to- 
wards the center of the lesion, they, too, suffer 


dissolution. 

The hyperchromic cells are conspicuous in 
Fig. 1. In Fig. 2 is shoum a large pyramidal 
cell from Layer 5 wth a long apical dendrite. 
All of the dendrites are deeply stained, but 
the cork-screw appearance mentioned by 
Miller and Hartmann®--* is not conspicuous. 
The margin of the cytoplasm is heavily vacuo- 
lated, giving the cell body a scalloped effect. 
The Nissl bodies are visible and discrete and 
of normal appearance except for the intense 
affinity for basic stains. The cytoplasmic 
matrix (the unstainable substance of Nissl), 
which is usually refractory to staining by most 
dyes is heavily colored by the basic stain and 
in m’any of the more pycnotic cells completety 
occludes the finer structure of the cell. In 
the example seen in Fig. 2, the nucleus con- 
tains a characteristically hypertrophied nu- 
cleolus. In many instances, the nucleus has 
the appearance of being filled with nucleolar 
material The nuclear membrane is usually 
and covered ivith small densely stam- 

3 Miller, B., Am. AnaU, 1949, 84, 201. 

4 Hartmann, T. P-, unpublistied manu.wript. 


ing plaques of chromatin. The axons are not 
stained. 

More common than the hyperchromic alter- 
ations in the areas of hea-vj’- irradiation are 
those cells showing fragmentation of the nu- 
cleus and dissolution of the cytoplasm as their 
main features. In these cells, both the Nissl 
bodies and the rest of the cytoplasm have very 
little affinity for the stain and the nuclear 
changes may be followed unth considerable 
ease. There is an increase in the amount of 
chromatin in the nucleus and it is seen to 
assume a pattern quite unlike that seen in 
neurons under other conditions. Heavy 
rounded accumulations of chromatin are 
formed giving the nucleus a “polka dot” ap- 
pearance. In the cells least altered, as in 
Fig. 3, this nuclear material is of considerable 
bulk and a thin nuclear membrane may be 
made out. Other cells, apparently more af- 
fected, show loss of size of the granules and 
a thinning of the nuclear membrane. The 
nucleolus disappears. The cytoplasm of the 
more affected cells as well as the cell mem- 
branes are visualized only with difficultj^ or 
not at all, and near the center of the lesion 
remains of the neurons consist merely of an 
accumulation of small heavily staining 
granules. 

The small lesions produced by these experi- 
ments are especially useful in studying the 
glial responses to irradiation. Across the 
steep gradient from normal tissue to the ne- 
crotic center of the lesion (a distance of onl}' 
a few millimeters) the changes brought about 
by a full spectrum of adequate dosage may 
be observ'ed. The fate of the astrocytes, as 
traced in these lesions is that of slight nuclear 
swelling followed by dissolution. No cyto- 
plasm is visible in any of the stages. The 
nuclear material becomes finely stippled in 
the terminal stages, reminiscent of the dotted 
chromatin pattern of some of the neurons. 
The position in the lesion where the astrocyte 
ma}' last be recognized indicates that it is 
more radiosensitive than either the neurons or 
the other glial cells. 

The oligodendroglia and the microglia, 
whose naked nuclei may be quite well dis- 
tinguished in the normal appearing periphery 
of the lesion show convergent changes as 
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TABLE I. 


Granulation tissue 

Titre in nnits/g 

A. Tissue from experimental 
granulating canine wonnds 

1. Dog. Ko. 1 Age of wound 

3 days 

SO 

S ” 

lOS 

14 ” 

■20S 

2. Dog Eo. 2 

a, from center of wound, 

14 days 

77 

b. from periphery — mostly 
new epithelium, 14 days 

10 

B. Tissue from granulating 
human wounds 

1. Indolent ulcer from pyo- 
derma gangrenosum in 
chronic ulcerative colitis; 

2 occasions 

23: 30 

12. Same wound after heal- 
ing had begun (chemo- 
therapy) 

170 

13. Granulating dog bite in 
a human (1 week) 

224 

4. Indolent varicose ulcer 

91 

5. »» 

SI 

16. Granulating thoracot- 
omy wound 

564 

17. Granulating laparotomy 
wound 

161 

8. Eecrotio granulations from 
laparotomy wound 

500 

19. Infected laparotomy wound 

91 

110. ” ” ” 

118 

111. ” ” ” 

159 

C. Babbit callus determinations 
in fractured femur 

1. 5 days 

84 

2. 8 ” 

60 

3. 14 ” 

16 


t Healthy appearing granulating tissue. 


ulation tissue was therefore une.xpected. The 
lysozjuie assays on granulation tissue of man 


and dog are shown in the accompamdng table. 

The assays were done bi' a viscosimetric 
method^ on extracts prepared as previously 
described.® 

As a result of these obsen'ations it is now 
apparent that high h’sozynne concentrations 
are associated with some mesodermal cell 
types as well as with epithelium. Therefore, 
further study is warranted with regard to the 
role of this tissue in the production of lyso- 
zymie in ulcerative alimentary disease. 

The deleterious effect of egg white lysozj-me 
on the gastrointestinal mucosa^’® has been 
confirmed in our own® as well as other labora- 
tories.®'~ Furthermore, high stool titres in 
the absence of occult blood in the feces and 
vrith sigmoidoscopically non-ulcerated mucosa 
are frequentty observed in chronic ulcerative 
colitis. These two considerations render less 
likely the possibility that granulation tissue is 
the source of the major fraction of the lyso- 
zyme titre in ulcerative alimentarj’^ disease. 

3 Meyer, K., Prudden, J. F., Lelimnn, tV. L., and 
Steinberg A., Peoc. Soc. Exp. Bion. Arm Med., 
19tr, 65, 220. 

•* Meyer, K., and Halinel, E., J. Biol. C/icm., 
19-16, 163, 723. 

» Prudden, J. F., Lane, N., and Meyer, E., to be 
published. 

c Grossman, M. I., personal communication. 

r Grace, M. J., Seton, D. H., Wolf, S., and 
Wolff, H. G., Am. J. Med. Sci., 1949, 317, 241. 

Beceired July 1, 1949. P.S.E.B.M., 1949, 72. 


Occurrence of Conjugase in Egg A'clks.* (17325) 


J. R. Couch, Francis Panzer, and P. B. Pearson. 

From ihe Departmcnls of BiochemUlry and Xvtrition, and Poultry Susbandry, AgricuUurat 
and Mechanical College of Texas, College Station. 


Pteroylglutamic acid conjugases are en- 
zymes that liberate microbiologically avail- 
able PGA from more complex forms of the 

* This work -was supported in part by a grant 
from the Xiederle Laboratories Division, American 
Cyanamid Company. 


vitamin and have been repiorted in hog kid- 
ney,^ chicken pancreas,®-® rat liver* and blood.® 
During the course of routine PGA determina- 

t Bird, O. D., Dressier, B., Brown, K. A., Camp- 
bell, C. J., and Emmett, A. D., J. Biol. Chem., 
1945, lo9, 631. 
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the functions of secretion of antibodies and 
of scavenging are sharply differentiated,^ the 
most reasonable interpretation is that these 
destructive ionizing radiations have produced 
aberrant secretory cells, possibly analogous to 
the neoplastic cell in multiple myeloma. 

The phenomenon of convergence of the 
oHgodendroglia and of the microglia seen in 
these preparations is further evidence of the 
thesis supported by the senior author®’® that 
the microglia and the oligondendroglia are 
functional states of the same cell type and 
that both contribute to the formation of in- 
flammatory cells in encephalitic disease. The 
clarity with which this process can be seen 
in the transition zones of the beta ray lesions 
makes the demonstration of similar evolution 
of the two species of mesoglia more obvious 
than any other preparation. That it is, not 
simply a particular response to this highly 
unusual stimulation is substantiated by the 
parallelism of the changes in herpetic virus 
disease. 

Summary. 1. The application of small, 
high-energy, applicators of radium emanation 

S Campbell, B., Anat. Sec., 1947, 97 (Suppl.), 7. 

9 Campbell, B., J. Neuropath, anet Exp. Nettrol., 
1949, 8, 347. 


to the cerebral cortex of cats produces re- 
stricted lesions in which progressive changes 
of the cells of that tissue may be follon'ed 
from normal appearing tissue to that shelving 
complete necrosis over a distance of several 
millimeters. 

2. Nerve cells so affected show two tjpes 
of destruction. One involves lysis of the 
cytoplasmic structures and degeneration of 
the nucleus into a small aggregation of baso- 
philic granules. The other consists of chro- 
mophilic alteration of the cells. The pj'rami- 
dal cells of layers 2, 3, and S seem especially 
susceptible to this change. The cells become 
shrunken, extremely heavy staining, and show 
hypertrophy of the nucleolus. 

3. The astrocytes are the most susceptible 
of the various cells of the cerebral cortex. 
They undergo lysis in the middle zones of the 
lesions. 

4. The mesoglial cells, oligodendroglia and 
microglia, are highly resistant. They show 
progressive changes, from the edge to the 
center of the lesions, which by convergence, 
make the two types indistinguishable. The 
product of these changes is a plasma-cell like 
structure which shows no phagocytic activity. 

Beceivctl” June 28, 1949. P.S.E.B.M., 1949, 72. 


Lysozyme Content of Granulation Tissue.* (17324) 

John F. Prudden, Nathan Lane, and Karl jMeyer. 

From the Department of Surgery and the Department of Medicine, Columbia University College 
of Fhysxcians and Surgeons, New Yorl:, N. T. 


The highest lysozyme concentrations in the 
mammalian body occur in tears and in the 
mucosa of the antrum, pylorus, and duoden- 
um.i The origin of these high local concen- 
trations presumably is epithelium, i.e., the 
tear glands and as yet undetermined cell types 
in the gastrointestinal mucosa. In contrast, 
the lysozjTue titer in mesodermal tissue is low; 


* Supported in part by the Eesearcb Grauta 
drisiou of tbe -0. S. Pubbe Health Service, and 
lie Josiah Macy, Jr. Foundation. 

1 Mover, K., Priiddcn, J. F., Lehman, W. L., 
nd'st;in;erg.A.,.Im.J.3frd., 1948, 5, 48=. 


for example, serum averages 1 unit/cc,^ and 
human leucocytes (from the buffy coat of 
normal blood) contain only 1.8 units per 
5,000,000 cells.- However, human cartilage 
averages about 40 units/g, although this value 
is without doubt too low because of the diffi- 
culty in extracting this tissue. Normal human 
skin (including a considerable quantity of 
fibrous tissue) was found to have less than 
1 unit/g. 

The finding of high lysozyme litres in gran- 

2 Meyer, K., in Modem Trends in Oplitlial- 
mology, 2:71, Paul B. Iloeber, New York, 1947. 
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TABLE TI. 

Liberation of PGA from Egg Yolk by Different C'on.jugascs. 


Lilicration Iw 
(tiff (’rent 
(•(iii.jugi'ses 

Free 

PGA 

PGA 
liborntpd 
by egg 
c-cinjugiise 

PGA 
liberated 
by cbiek 
pancreas 
conjugase 

Total 

PGA 

PGA liberated by 
synergistic action 
of egg yolk and chick 
pancreas conjugase 

PGA liber- 
ated )jy egg 
conjugase from 
chick pancreas 

Cliickpn I’gg 
yolk 

Mil- 
1(1 .2 

rogiiuns of PGA 
•21.7 

per Iff) g of 
2.1.1 

egg volk (fresh weight basis) 

SI. 4 ‘24.4 

—15.0 

Tiirkiy fm; 

41.0 

IS.-l 

21.0 

129.7 

4S..'. 

•4-0.0 


yoll: 


were present were destroyed. Free PGA de- 
termined on such a sample amounted to 10.2 
/ig per 100 g of chicken egg yolk (Tables I 
and II). The free PG.\ value for turkey egg 
yolk was about 4 times that of the chicken 
egg yolk. 

The incubation of samples of egg yolk that 
had not been autoclaved resulted in an in- 
crease in PG.\ over that of the autoclaved 
sample described above (Tables I and II). 
The magnitude of this increase was about the 
same for both the chicken and turkey egg 
yolks and amounted to 21.7 |ig PG.-^ per 100 
g yolk in the chicken egg and to 18.3 ng per 
lOOg in the turkey egg yolk (Table II). From 
these results it is apparent that egg yolk from 
the chickens and turkej' contains a conjugase 
which liberates microbiologically available 
PGA. 

When the sample was autoclaved and chick 
pancreas added as outlined in Fljmn's pro- 
cedure*’ this source of conjugase liberated 
21.0 ;ig of PG.A per 100 g of chicken egg yolk 
and 25.1 /ig of PG.A per 100 g of turkey egg 
yolk (Table II). These values are increases 
above the free PG.A values and must have 
resulted through the action of chicken pan- 
creas conjugase. The value obtained for 
chicken egg j^olk where the sample was auto- 
claved and chick pancreas added (Table I) 
is in the range of that obtained by the AO.AC 
collaborators (Flynn®) when it is converted 
to a dry weight basis. 

The total PG.A, determined b\' adding 20 mg 
of chick pancreas to the unautoclaved sample, 
was 81.0 ng per 100 g for the chicken egg 
yolk and 129.7 /ig PG.A per 100 g of turkey 
egg yolk. These figures are higher than that 
which can be calculated by adding free PG.A, 


PG.A liberated by egg yolk conjugase and that 
liberated by chick pancreas conjugase (Table 
II). .A total of these values gives 57.0 (10.2 
-j- 21.7 -f- 25.1) ng PG.A per 100 g chicken 
egg yolk and 81.2 (41.9 + 18.3 -f 21.0) /^g 
per 100 g turkey egg yolk. Thus 24.4 and 
48.5 iig PG.A per 100 g egg yolk (Table II) 
were liberated by the synergistic action of egg 
yolk and chicken pancreas conjugases for the 
chicken and turkey egg yolks respectively. 
The total PG.A value obtained for chicken 
egg yolk when converted to the dry weight 
basis approaches the lower value for PG.A 
obtained by Flynn and collaborators® when 
dried egg yolk was assayed for PG.A by the 
chick assay. Thus with the combined action 
of egg yolk conjugase and chick pancreas con- 
jugase the value for the microbiologically 
available PG.A approaches a similar value 
obtained by means of the chick assay for this 
vitamin. 

One sample was tested in each series to 
determine whether egg 3 ’olk conjugase was 
liberating PG.A from the chick pancreas. In 
this instance the chick pancreas solution (2 
mg per ml) was autoclaved for 15 minutes at 
15 lb pressure and added to the unautoclaved 
egg yolk. The results (Table I) show that 
no appreciable liberation of PG.A from chick 
pancreas was obtained by turkey egg j-olk 
conjugase. A slight inhibitory effect was 
noted on the conjugase in chicken egg j'olk 
when autoclaved chick pancreas was added 
prior to incubation. The PG.A liberated by 
egg 3 'olk conjugase amounted to only 6.1 /ug 
per 100 g; whereas, 21.7 fig PG.A was liberated 
by egg yolk conjugase when autoclaved chick 
pancreas was not added. This represents a 
decrease of 15.6 ,ig PGA per 100 g yolk in 
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TABI/E I. 


PteroyigiuL'imie Acid Values Obtained by Various Ticiitmciits of Egg Yolk.* 


Treatment 
of sample 

Autoclaved t 

Not 

autoclaved 

Autoclaved -f- 
cliick pancreas 

Not 

autoclaved -f- 
eliick pancreas 

Not autoclaved 
-f- autoclaved 
chick pancreas 


Micrograms of PGA per 100 g of egg volk ffreiili 

weight basis) 


Cliieken egg yolk 

10.2 

31.9 

35.3 

81.4 

16.3 

Turkey egg yolk 

41.9 

G0.2 

62.9 

129.7 

60.S 


* Eaeli value in tliis table is the average of seven separate assays, 
i All samples vere incubated at 37.5° C for 24 hours. 


tions in the laboratory, an indication was 
obtained that egg yolk also contains such a 
conjugase and the present study was initiated 
to determine if this w’as correct. 

Experimental. In order to test this hy- 
pothesis, the following treatments of samples 
were used. In the first place the sample was 
autoclaved for 15 minutes at IS lb pressure, 
incubated for 24 hours at 37.S°C and assayed 
for free PGA. In the second treatment the 
sample was not autoclaved but was incubated 
in an effort to determine if any conjugase was 
present in the egg yolk. In the third treat- 
ment the sample was autoclaved and 20 mg 
of dried chick pancreas was added prior to 
incubation of the sample, in order to ascer- 
tain the amount of PGA liberated by the 
conjugase of chick pancreas. The fourth treat- 
ment consisted of adding chick pancreas to 
the unautoclaved egg yolk sample in order to 
determine total PGA and finally 20 mg of 
autoclaved chick pancreas was added to a 
sample of egg which had not been autoclaved 
in order to determine if egg yolk conjugase 
would liberate PGA from chick pancreas. The 
tentative assay procedure for PG.A, as de- 
vised by Flynn® for AOAC collaborators, was 
used in determining the microbiologically 
available PGA with Lactobacillus casei as the 
test organism; growth was measured by acid- 
imetrjL According to this procedure the 


J. 


•> Laskovski, M., JUnis, AA, .'ind D.iy, P. K, 
mol. Chem., 1945, 157, T31. 

ajtims, V., anti Laskoivski, Jt., J. Siol. Chem., 


1043, 100, 403. 

■I Swcnivasaii, A., llarpci-, A. E.,^aiKl Elvclijem, 
r A J. Biol. Chem., 1949, 177, lli. 

'a Simpson, B. E., and Sclovcigert. B. S., Jreh. 

®''rFl7nn,'L?’jnmeograpl.od Boport to Colbbo- 
rators on Folic Acid, 1948. 


sample is autoclaved first and tlien chicken 
pancreas is added prior to incubation. 

Chicken egg yolks used in these studies 
were taken from eggs laid by Single Comb 
White Leghorn pullets that had been in pro- 
duction for approximately 4 months. The 
turkey egg yolks were obtained from eggs 
laid by Broadbreasted Bronze turkey pullets 
that were just beginning to lay. Both the 
turkeys and chickens were fed practical all- 
mash diets and were maintained in individual 
laying cages with raised screen bottoms. All 
eggs were collected daily and placed' in a 
refrigerator at a temperature of approximate- 
ly 4.4‘'C. In each case the pteroylglutamic 
acid determination was carried out on an 
individual egg yolk. The egg was broken and 
the white was separated and discarded. A JO 
g sample of the fresh yolk was blended in the 
Waring blendor with 90 ml of distilled water. 
A 10 ml aliquot was pipetted into a 125 ml 
Erlenmeyer flask. Thirty ml of phosphate 
buffer (pH 7.0) and 10 ml of a chick pancreas 
solution, which contained 2 mg dried chick 
pancreas per ml, were added. The dried chick 
pancreas was prepared according to the 
method of Burkholder, McVeigh and Wilson." 
The treatment of the samples prior to incuba- 
tion is indicated in Table I. .All samples were 
covered with a layer of toluene and incubated 
at 37.S°C for 24 hours. After incubation the 
samples were autoclaved for IS minutes at 
IS lb pressure, diluted to 100 ml, filtered and 
aliquots were taken from this stock solution 
for dilution purposes. 

When the egg yolk sample %v,ts autoclaved 
for 15 minutes at 15 lb pressure and incu- 
bated it was assumed that any enzymes which 

7 BurkholdiT, P. K., AlcVcifrIi, J., .-ind AVilson, 
K., Arr/i. mochevu, 1943, 7, 287. 
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to the changes observed in the intact animal. 

Methods. Adult male mice of strain CBA 
(Strong) were emploj^ed. Littermate pairs 
were assigned to one of two parallel experi- 
ments. In the first, which tested the action 
of thyroxine in intact animals, one member 
of each pair w'as assigned at random to the 
treatment group while its littermate served as 
a control. In the second e.xperiment, all 
animals were adrenalectomized, and again the 
pairs were divided at random into thyroxine- 
treated and control groups. 

Until they reached the age of 11 weeks, 
the animals were raised on Purina Laboratory 
Chow and tap water. The diet was then 
changed to one of bread and milk to which 
was added whole dried Brewers’ Yeast to 
by dry w’eight. Both diets were fed ad 
libitum. 

Treatment was begun when the animals 
were 13 weeks of age. The experimental 
animals received daily intraperitoneal injec- 
tions of 15 y ot thyroxine! in 0.1 ml of 
slightly alkaline distilled water. Controls re- 
ceived an equal volume of solvent prepared 
exactly as that employed for the thyroxine. 
The treatment period was 21 days for the 
intact animals; 14 days for the operated 
animals. 

Bilateral adrenalectomy was performed in 
one stage via the lumbar route. Ether and 
light nembutal anesthesia were employed. For 
the first 3 post-operative days, 5% glucose 
and 0.9% sodium chloride were added to the 
drinking water of the operated animals. For 
the remainder of the e.xperimental period, the 
drinking water contained only 0.9% sodium 
chloride. Operations were performed w^hen 
the animals were 12 w'eeks of age; adrenalec- 
tomized animals were thus on the experimen- 
tal diet for one week preoperatively, and were 
allowed a post-operative interval of one week 
before thyroxine therapy was instituted. 

Eighteen hours after the last injection, the 
animals were killed by cervical dislocation and 
complete autopsies carried out. These were 
performed in a routine manner and included, 
in addition to the general e.xamination, an in- 
spection of the operative site for post-opera- 

* 1-tliyioxiiie, Squibb. 


live infection or evidence of regenerated 
adrenal remnants or hj'pertrophied accessory 
adrenal tissue. The following organs were 
dissected free of surrounding tissue and 
weighed on a precision torsion balance: both 
adrenals, both kidneys, the spleen, the thymus 
gland, and a sample of the peripheral tymph 
nodes w'hich consisted of the two axillary 
nodes from each side and the two epigastric 
nodes. Body weights wmre measured on a 
double-beam balance at the beginning of 
therapy and at autopsy. 

Statistical analysis involved the application 
of Fisher’s “t-test” for small groups. In this 
report the word “significant” will be used 
onty to describe differences wherein the analy- 
sis has indicated a probability value of the 
order of 0.01 or less. 

Results. The results of the tw'b e.xperiments 
are collected in Table I. Since bodj’^ weights 
do not differ significantly, absolute rather 
than relative values are given. For the adren- 
al glands, the range of the weights rather than 
the standard error is noted as the experimental 
error is thought to be greater than that due to 
sampling. 

The administration of thjTroxine to intact 
animals resulted in a significant increase in the 
weights of the spleen, peripheral Ijnnph nodes, 
and kidneys. A suggestive rise in adrenal 
weights was observed. The weights of the 
thymus glands of the treated animals were less 
than those of their controls, ^^^lile this dif- 
ference amounts to almost 20% of the control 
values, and has a p-value of less than 0.01, the 
results must be regarded with caution as the 
sampling error is slightly less than the error 
generally accepted for the weights of dissected 
organs ( dfc 1 mg) . 

The reduced tolerance of adrenalectomized 
animals to thjToid hormone^” was illustrated 
by the fact that 7 of 17 animals so treated died 
wdthin 2 weeks, while all but one of the con- 
trol group survdved. Because of this serious 
loss, the e.xperiment was terminated after a 
treatment period of 14 days. The results re- 
ported are those obtained for the littermate 
pairs in which both members survived this 

lOKoetsche, G. A., nnd Kcnd,-!!!, E. C., Am. J. 
Fhysxoh, 1935, 113, 335. 
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the presence of autoclaved chick pancreas 
(Table II). 

From the results of this study riiaximum 
liberation of PGA from egg yolk occurs when 
egg yolk conjugase and chick pancreas con- 
jugase act together. 

Summary. Evidence is presented to show 
that chicken and turke3>- egg yolk contain a 
conjugase which liberates PGA from these ma- 
terials. A synergistic action of egg yolk con- 
jugase and chick pancreas is required in order 


to obtain the total PGA in egg yolk of chickens 
and turke3’^s. The liberation of microbiological- 
ly available PGA from egg 3'olk by the com- 
bined action of egg yolk conjugase and chicken 
pancreas conjugase gives a total PG.<^ value 
whicli approaches the value obtained by the 
chick assay for this vitamin. An inhibitor’ 
effect of autoclaved chick pancreas on the con- 
jugase of chicken egg 3'olk is indicated by 
the results. 

Eoceived Julj- 25, 1949. P.S.E.B.M., 1949, 72. 


Effect of Th 3 'roXine on Lymphoid Tissue Mass of Adult Male 

Mice.* (17326) 

Sumner N. Harder.! (Introduced by Alvin J. Cox, Jr.) 

From Department of Madiotogy, Stanford Vniversity School of Medicine, Saji Francisco. Calif. 


That the secretion of the thyroid gland is 
intimately related to the physiology of l3^m- 
phoid tissue has been suggested by both 
clinical observation and laboratory experi- 
ment. Marine and co-workers^ emphasized that 
peripheral lymphadenopathy, splenomegaly, 
and persistence of the thymus gland were 
detectable in many patients with Graves’ dis- 
ease. Several investigators--* have reported 
that stimuli which cause accidental involution 
of the lymphoid tissue of laborator3" animals 
may have a more pronounced or more pro- 
longed effect in the absence of the th3Hoid 


gland. 

An important link in the chain of evidence 

namely that augmented thyroid secretion 

results in hyperplasia of lymphoid tissue — 
has previously evaded demonstration despite 


* Aided by a grant to Dr. Henry S. Kaplan from 
the National Cancer Institute, United States Pub- 
lic Health Ser\-ice. 

1 Post-doctorate Eesearch Fellow, National Can- 
cer Institute, United States PubUc Health Service. 

1 Marine, D., Manley, 0. T., and Bauman, E. J., 
/. Frrp. Med., 1924, 40, 429. 

o ggjye H., Endocrinol., 1937, SI, 199. 

3 Reinhardt, W. 0., and Wainman, P., Pnoc. Soc. 

Exp. Bion. AND AIed-, 1942, 40, 25(. 

4 mite. A., and Dougherty, T. F., Endocrinol., 


1947, 41, 230. 


several e.xperimental trials.®’^ One possible 
e.xplanation for this failure lies in the fact 
that the rat was the experimental animal em- 
ployed in most of these investigations. Evi- 
dence is accumulating that this animal, in 
the resting state, may be secreting thyroid 
hormone at a high rate;® thus the addition of 
small doses of exogenous hormone might well 
be ivithout significant effect. Large doses of 
hormone may produce relative malnutrition 
and involution, rather than hyperplasia, of 
lymphoid tissue." It was, therefore, con- 
sidered desirable to observe the consequences 
of th3Toxine treatment in the mouse. Pro- 
found changes in the l3rmphoid tissues were 
observed. In view of the known alterations in 
adrenal cortical activity following treatment 
with thyroid hormone,®’® a parallel e.xperiment 
was conducted in adrenalectomized animals 
to stud3’' the possible contribution of this organ 

5 KorencIievsk>', V., .and Hall, K., Biochcm. J., 
1941, 35, 726. 

GMeites, J., and Cliandrasliakor, B., Endocrinol., 
1949, 44, 368. 

"Andreasen, E., Acta path, ct microhiol. Scand., 
1939, 15, 259. 

SLowenstcin, B. E., and Zwemer, R. L., Endoc- 
rinol., 1943, 33, 30. 

0 Deane, H. V7., and Creep, R. O., Endocrinol., 
1947, 41, 243. 
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related to an increased rate of protein metab- 
olism. It is perhaps significant that adrenal 
cortical hiTiertrophy, well known to occur un- 
der thyroid treatment, is also thought to be 
a response to an increased rate of protein 
utilization.^" In addition, evidence has re- 
cently been presented that lymphoid tissue 
may represent an important source of meta- 
bolic protein^ — a source limited in volume, but 
of e.xtreme labilit 3 L While the present e.v- 
periments record only gross structural altera- 
tions, and the possible contribution of these 
changes to the physiology of the organism 

Kocliakiaii, D. C., in Ecccnt Progress in Hor- 
mone Rescarcli, Vol. 1, New York, Aeadcinie Press, 
Inc., 1947, p. 177. 

1" Tepperman, J., Engel, F. L., and Long, C. 
X. H., EndocrinoJ., 1943, 32, 373. 


must remain in the realm of speculation, it 
is suggested that an increased rate of nitrogen 
metabolism maj'^ well represent the common 
denominator underlying the many changes 
noted in this investigation. 

Summary. The administration of thyrox- 
ine to adult male mice resulted in an increase 
in the organ weights of the kidnei’s, spleen, 
and peripheral h^mph nodes. Similar treat- 
ment of adrenalectomized animals resulted in 
an increase in the weights of the spleen and 
peripheral Ijmph nodes over and above that 
which followed adrenalectom}' alone. It is con- 
cluded that thyroxine produces an increase of 
hmiphoid tissue mass which is independent of 
the rate of body growth and of the level of 
adrenal cortical activiti'. 

Received July 7, 1949. P.S.E.B.M., 1949, 72. 


Failure of Aureomycin in the Treatment of Experimental 
Tuberculosis. (17327) 

Thomas L. Perry* (Introduced bj- Richard W. Lippman.) 

From the Department of Pediatries, University of Southern Califori\ia Sehnol of Medieine and 
the Childrens Hospital, Eos Angeles, Calif. 


The failure of streptomj'cin, p-aminosalicj'- 
lic acid and the sulfone compounds to prove 
ideal agents for the treatment of tuberculosis 
has stimulated the testing of raanj'^ new agents. 
Because of the remarkabl}’’ nide anti-micro- 
bial spectrum of aureomj'cin, it seemed worth- 
while to study its effect upon e.xperimental 
tuberculosis. 

Guinea pigs weighing 400 to 500 G each 
were inoculated subcutaneously with 0.02 mg 
tubercle bacilli from a recently isolated, viru- 
lent, streptomi’cin-sensitive human strain. 
After 28 daj's, the animals were divided into 
two groups. The 12 animals in Group A 
were treated with daih' subcutaneous injection 
of 5 mg aureomv'cin hj-drochloride, 6 daj’s a 
■week for 6 weeks. The 11 animals in Group 

Tile .lutlior .ncknowledgcs tlie kind assist.nnce 
of Ralpli Kmitti, 5I.D., who reviewed tlie niicro- 
seopic. sections. Aureomycin was supplied by 
Lederle Laboratories Divi.sion, American Cy.an- 
amid Company. 


B served as infected, untreated controls. 

A third group. Group C, consisted of 6 un- 
infected guinea pigs given aureomjTin in the 
same dosage as Group A, in order to obsert'e 
possible to.xic effects of the drug. 

Animals were autopsied as thev’ died, and 
those surviving after 6 weeks of treatment or 
10 weeks after infection were sacrificed and 
autopsied. 

In Table I, it can be seen that mortality 
was higher in the treated than in the un- 
treated group. Both treated infected and un- 
infected groups showed marked weight loss, 
and one of the uninfected animals died dur- 
ing treatment. 

All the infected animals showed widespread 
tuberculous involvement of the regional lymph 
nodes surrounding the injection site, the liver, 
spleen, and lungs. Gross and microscopic ex- 
amination failed to show an}' appreciable dif- 
ference between the treated and untreated 
animals. .Acid fast bacilli were demonstrated 
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TABLE I. 

Body Wciglits and Organ Weiglits of Adult Male Mice Treated Avith Tliyroxiiio. 


Group 

No. of 
mice 

Body wt (g) 



Organ n't (nig) 


Initial 

Final 

Spleen 

Lj'mpli 

nodes 

Thymus 

Kidneys 

Adrenals 

Intact 

14 

28.3 

29.7 

103 

32 

27 

470 

4 

Control 


±0.5 

±0.5 

±3.4 

±1.2 

±0.9 

±9.6 

(3-5) { 

Intact 

14 

28.1 

29.5 

170 

53 

00 

586 

5 

Thyroxine* 


±0.5 

±0.5 

±8.2 

±4.1 

±0.9 

±13.3 

(4-0) t 

Adrenalectomized 

9 

27.4 

28.3 

161 

47 

45 

441 

— 

Control 


±0.0 

±0.6 

±5.3 

±1.8 

±1.2 

±10.8 

— 

Adrenalectomized 

9 

27.3 

28.3 

224 

01 

53 

300 

— 

Thyroxine! 


±0.6 

±0.7 

±5.6 

±3.2 

-f~3.5 

±27.0 

— 


* 15 7 per day for 21 days. 
1 15 7 per day for 14 days. 


i Range of values. Other values arc means and standard error by /Eda 

Vn(n— 1) 


length of time. These results illustrate the 
well-known effects of adrenalectomy on 13 ml- 
phoid tissues. In addition the weights of the 
spleen and lymph nodes of the thyroxine- 
treated animals are significantly higher than 
those of their controls. The thymus weights 
showed an increase of limited significance 
(p = <0.0S). The shorter course of 
thyroxine treatment employed for this group 
did not result in a significant change in 
kidney weights (p = >0.05). Body weight 
values demonstrate that the dietary regimen 
adequately maintained the operated animals ; 
and the stability of these values indicates that 
the animals are well past the period of most 
active growth (4 to 8 weeks). 

Discussion. While quantitative histologic 
studies were not performed, microscopic ex- 
amination suggested that much of the increase 
in Ivmphoid tissue mass ivas due to hyper- 
Dlas'ia of these organs. In response to either 
ihvroxine or adrenalectomy, the spleen and 
peripheral nodes registered an mcrease in 
weight of over 50%- The two treatments 
appeared to be addiUve and together resulted 
Ta doubling of the weights of these organs. 
That this increase following thyroxine treat- 
put occurred in animals showing essentially 

— : Cancer Inni ., W 44 , o, 

11 Morns, H. i -j 


of this treatment was quite distinct from any 
that might result from a change in rate of 
growth.^- Furthermore, exhaustion of the 
adrenal corte.x” does not appear to have con- 
tributed to this effect, since treatment of 
adrenalectomized animals noth thyroxine re- 
sulted in an increased weight of the spleen 
and peripheral nodes over and above that fol- 
lowing adrenalectomy alone. If anything, the 
data for the adrenal and thymic weights of 
the first experiment suggest augmented adren- 
al cortical activity during the period studied. 
The slight decrease in thymic weights of in- 
tact animals treated with thyroxine appears 
not to have occurred in the adrenalectomized 
animals. This behavior of the thj'mus, in 
contrast to the other lymphoid tissues studied, 
is consistent with its greater sensitivity to the 
action of adrenotrophic hormone.^-’'’^ 

An increase in kidney weight has been 
previously shown to follow thyroid treatment 
in rats*® and testosterone treatment in mice.*® 
In both instances, the renal hypertrophy was 

isKogcr, M., Ilnrst, V., .7ii(l Turner, C. W., 
Endocrinol., 1942, 32, 237. 

13 Dougherty, T. P., .nud Mhitc, A., Pitor. ,Soc, 
Exp. Biol, asp Med., 1943, 53, 132. 

It Simpson, 51. E., Li, C. II., Reinhardt, W. O., 
and Evans, H. 51., Prop. Soc. Exp. Bior,. axd 
5Ied., 1943, 54, 135. 

13 5IacKay, E. 51., and 5fncKay, L. L., .1. -Vnlri- 
tion, 1931, 4, 33. 
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Pig. 1A. Electrtjn mierograpli of virus-like particles from intranuclear inclusion 
body papilloma. Note that particles arc in crystalline-like array as well as free. 
Shadow cast with chromium, angle 1:7. Magnification 18,700 x. 

Fjg. IB. .Same from another patient. 


tern. Five such lesions were studied by elec- 
tron microscopy. Four were obtained from 
the hands of children whose ages ranged from 
2 to 12. These lesions differed from common 
warts in having a more pearly base and an 
erythematous halo, and were separated easily 
and completely from the underlying tissue 
j' with a curette. The fifth was a plantar wart 
1 obtained from a child 7 years old. It differed 
' from the typical plantar wart in that there 
1 was w.. .noteworthy ' ■ keratotic tor 

' le s! ■, ■ ' . After'N 

_ 1 'on ' the ' 

s 

P 

n 


and the resuspended sediment were placed on 
collodion mounts for electron microscopy. 
These were shadow cast with chromium at an 
angle of 1:7. 

Examination ivith the electron microscope 
(RCA type EMU) revealed spherical particles 
most abundantly in the 6,000 r.p.m. sediment 
of the suspension from the papillomas show- 
ing intranuclear inclusion bodies. These 
particles were frequently arranged in crystal- 
-like clusters or layers with an average 
. eter of 52 m/i and a range of 50 to 53 
ug. 1). Such an arrangement resembles 
eviously noted for ciy^stalline plant 
Price, Williams, Wyckoff'). When 
' les were nof crystal -like array, 
68 m/ ■ 'eter with a range 

'll moUuscum con- 
characteristic 
—dies previously 
These had an 
yith a range of 
i,‘e found most 
ip.m. sediment. 

■.■■H C., WyckofT, E. 

Path., 1047, 128, 
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TABLE I. 

Effect of Aureomycin on Weight and Surrival of TuTjerculous Guinea Pigs. 


Group 

AvgTVt 

start, 

g 

Avg wt 
start 

treatment, 

g 

Avg wt 
death, 
g 

No. animals 
start 

No. animals 
surviving 
10 wks 

A. Infected, 

aureomycin treated 

501 

556 

440 

12 

5 

B. Infected, 
untreated 

471 

529 

552 

11 

10 

0. Uninfected 

aureomycin treated 

465 

652 

578 _ 

6 

5 


in the microscopic sections of tuberculous 
tissue from the 5 animals ivhich sun-ived the 
full 6 weeks of treatment, and tubercle bacilli 
were readily cultured from the lung in one of 
these animals. 

All the animals treated iidth aureomycin 
showed definite evidence of local drug toxicity. 
There was marked fibrosis of the anterior ab- 
dominal wall, where the injections were given, 
and there were extensive peritoneal adhesions, 
which, in a few animals, constricted and par- 
tially obstructed loops of small intestine. This 
mechanical obstruction may have accounted 
for the weight loss in some of the treated 
animals. In 6 of the treated animals, intercel- 
lular material that stained blue with hema- 
toxylin was observed in the liver, spleen, or 
renal medulla. In 2 of the treated animals, 
focal hepatitis and hepatic necrosis were ob- 
served. 


The in vitro aureomycin sensitivity of the 
original organism used, when grown in a modi- 
fied Dubos liquid medium, was 100 /xg/cc. 
The sensitivity of the strain recovered from 
the guinea pig after 6 weeks of aureom 3 ’cin 
treatment was unchanged. 

These results confirm the findings of Steen- 
ken and Wolinsky,^ who failed to influence 
favorabl}'^ guinea pig tuberculosis using a con- 
■ siderably lower dosage of aureom 3 ’'cin. It is 
shoivn here that aureomycin given in paren- 
teral per kg dosage appro.ximately 10 times 
the maximum used for other infections in man 
fails to influence favorablj^ the course of 
guinea pig tuberculosis, and, indeed, exhibits 
definite toxicity. 

1 Stceiikcn W., Jr., and 'Wolinsky, E., ztin. Jicv. 
Tuherc., 1949, 59, 221. 

Received July 11, 1949. P.S.E.B.JL, 1949, 73. 


“Crystalline” Virus-Like Particles from Skin Papillomas Characterized by 
Intranuclear Inclusion Bodies.^ (17328) 

Maurice J. Strauss, Ernest W. Shaw,* Henry Bunting, and Joseph L. IMelnick 
(With technical assistance of Ruth Peabody.) 

From the Divf.tion of Vcrmaiologii ; Section of Preventive Medicine, and Ttcpnrtment of Path- 
olbgy of the Talc University School of Medicine. 


This is a report of the observation with 
the electron microscope of virus-like^ bodies 
that have been obtained from skin papillomas. 
These papillomas are characterized by the 
presence of intranuclear inclusion bodies, and 
the elementary bodies obtained from them 
tend to be arranged in a crystalline-like pat- 


* Supported by gmnts from tiie Fluid licscarch 
Fund of the Tale University School of Medicine 
and from tho National Cancer Institute of tlie 
National Institute of Ilcalth, U. S. Public Health 
Service. 

t National Research Council Fcllov in Medical 
Sciences. 



Crystalt-ine \'ircs-Like Particles from Papillojus 


47 



Pig. lA. Electron micrograph of viruE-lilre particles from intranuclear inclusion 
hody papilloma. iSTote that particles are in crystalline-like array as well as free. 
Shadow cast with chromium, angle 1:7. Alagnification 18,700 X. 

Pig. IB. Same from another patient. 


tern. Five such lesions were studied by elec- 
tron microscopjr. Four were obtained from 
the hands of children whose ages ranged from 
2 to 12. These lesions differed from common 
warts in having a more pearly base and an 
erythematous halo, and were separated easily 
and completely from the underhung tissue 
with a curette. The fifth was a plantar wart 
obtained from a child 7 years old. It differed 
from the typical plantar wart in that there 
was no noteworthy hard hyperkeratotic top 
and verj' little surrounding callus. After a 
circular incision was made around the peri- 
phery: this lesion also was easily and com- 
pletely separated from the underlying tissue 
with a curette. Common warts from 9 pa- 
tients, violluscwn contagiosum lesions from 2 
patients and one example of normal skin were 
similarly studied. 

The preparation of the material was the 
same in all instances. Half of each lesion was 
fixed in formalin for tissue sections while the 
remainder was promptly ground with alundum 
and distilled water and subjected to clarify- 
• ing centrifugation of the supernatant fluid at 
2,000 r.p.m. for 5 minutes followed by cen- 
trifugation of the resulting supernatant fluid 
at 6,000 r.p.m. for 15 to 45 minutes. Small 
drops of the 6,000 r.p.m, supernatant fluid 


and the resuspended sediment were placed on 
collodion mounts for electron microscopy. 
These were shadow cast with chromium at an 
angle of 1:7. 

Examination with the electron microscope 
(RCA type EMU) revealed spherical particles 
most abundantly in the 6,000 r.p.m. sediment 
of the suspension from the papillomas show- 
ing intranuclear inclusion bodies. These 
particles were frequently arranged in crystal- 
line-like clusters or layers with an average 
diameter of 52 m/t and a range of 50 to 53 
mfi (Fig. 1). Such an arrangement resembles 
that previously noted for cry-stalline plant 
vnruses (Price, Williams, Wyckoff^). MTien 
these particles were not in crystal-like array, 
they averaged 68 mjj. in diameter with a range 
of 56 to 80 m/I. 

Control preparations of the moUusetim con- 
tagiosum lesions revealed the characteristic 
brick-shaped elementary' bodies previously 
noted by: Boswell- (Fig. 2). These had an 
average length of 330 m/i with a range of 
190 to 250 m/i. They' were found most 
abundantly in the 6,000 r.p.m. sediment. 

1 Price, VT. C., WiUiams, B. C., Wyckofr, £ 
■VY. G., Science, 1945, 102, 277. 

2 Boswell, F. V7., Brif. J. lExv- Path., 1947, 128, 
253. 
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Iliglier power of a portion of Fig. 3 — .sliowiiig 
tlic iwominent cytopl.nsmic bodies and looseness 
of lower cornified layers. Hcniato.xylin-eosin. 
Magnifie^ition X C5. 


Electron micrograph of brick-slinpcd elcnicntarv 
bodies from molluseum contagiosnm lesions. Sfag- 
nification 33,000 X. 

These were also seen with the electron micro- 
scope in preparations made simpi.v by touch- 
ing the molluseum contagiosum lesions to 
the mount. 

The common wart and normal skin prepara- 
tions revealed no uniform particles, but merely 


amorphous scattered clumps of matter, col- 
lagen fibers, and spherical particles of varying 
diameter. 

The histological appearance of the 5 papil- 
lomas yielding virus-like particles was similar 
(Fig. 3, 4, 5, 6). They showed irregular up- 
growths of thickened epidermis overlying 
elongated papillae containing fine blood ves- 




FlO. u. 

Same as Fig. 3. Koto the .single round intr.a- 
nuclear iiieliision bodies photographing less bhieh 


Innm yielding virns-like particles n.s shn^™ timn the .mljacent irregular ehromatin 
Ionia jKiuiig , ...y, llcniatoxyUn- Sutiil cvtonlasniic bodies are ei'idenf. if 


1. 'Base is at bottom. 
Ufagni/ieation X 30. 


Lll.tll ...V . 

Solid cytoplasmic bodies are ei'ideiif. ilcmatoxr- 
lin wsin. Magnification X ISno. 
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Fig. 6. 

Same as Fig. 3. Both solid and vesicular cyto- 
plasmic masses are conspicuous. Intranuclear in- 
clusion bodies are also present. Hematoxyliu-cosin. 
Magnification X 600. 

sels and delicate connective tissue. There 
■was a great increase in the thickness of the 
stratum corneum with persistence of pyknotic 
nuclei in the lower layers where the keratin- 
ized substance was loosely arranged and not 
as compact as at the surface. Significantly, in- 
tranuclear inclusion bodies were present in a 
large proportion of the cells of the papillomas, 
but not of the adjacent epidermis. These were 
first seen in the layer directly over the basal- 
cells, and were evident in all of the more 
superficial layers. The inclusion bodies were 
round, stained with eosin and not hematoxy- 
lin; they were Feulgen negative and demon- 
strated little or no basophilia ■with methylene 
blue. Granules were present in the cytoplasm 
of the lowest row of cells that contained in- 
clusion bodies. These granules when small 
were solid, but acquired a vacuole as they 
increased in size finally becoming oval or 
pointed in shape. Both the granules and the 
vesicular bodies stained with hematoxjdin but 
had almost no affinity for the basic dye 
methylene blue and were Feulgen negative. At 
the level of the stratum granulosum they' ap- 
parently became transformed into large solid- 
ly staining cytoplasmic bodies that persisted 
into the stratum corneum. Their affinity for 
hematoxjdin was gradually replaced by a 



Fig. 7. 

Common ivart. Base is at bottom. Hcmatoxylin- 
eosin. Magnification x 30. 


strong eosinophilia by the time they had 
reached the stratum corneum in the region 
showing the parakeratosis. No elenientarj- 
bodies were seen in any of the stages in Giemsa 
preparations. 

The lesions of moUuscmn contagiosinn were 
classical: a localized zone of hyperplasia of 
the epidermis with eosinophilic bodies filling 
the cytoplasm, displacing the nuclei of the 
cells of the upper hlalpighian layers and per- 
sisting into the stratum corneum where they' 
eventually became hyaline and fragmented. 
The molluscum bodies were Feulgen positive. 
The common warts had the usual histological 
appearance (Fig. 7): papillomas composed of 
■hyperplastic epidermis covering prolonged 
papillary processes bearing vessels and a deli- 
cate stroma. Considerable hyperkeratosis 
with variable parakeratosis was present. 

Search through the accumulated material 
of the laboratory of surgical pathology' of the 
New Haven Hospital revealed 31 other skin 
lesions histologically' similar to that of the 
inclusion body papillomas described above. 
The ages of these patients ranged from 
to 68 years. There were also 158 typical 
verrucae from individuals 5 to 80 y’ears of 
age. 

Summary. Virus-like particles that tend to 
be arranged in a cry'stalline-like pattern have 
been observed by' electron microscopy in a 
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TABLE I. 





Electron mieroscop 3 ' 

Pathology 

Clinical diagnosis 

No. 

Splierical 

particles 

> 

Spherical parti- Brick- 
eles in cr 3 '^stal- shaped 
line-like array bodies 

f ' 

Intranuclear 
inclusion Molluscum 

bodies bodies 

Intranuclear inclusion 

5 

5 

4 — 

5 — 

body papilloma 

Molluscum 

2 



2 

O 

contagiosum 

Common warts 

9 

— 

— — 

— — 

Normal skin 

1 

— 

— — 

— — 


stud 3 f of suspensions of 5 skin papillomas. 
Histological examination of the same tissues 
revealed intranuclear inclusion bodies and 
characteristic cytoplasmic masses in the cells 
of the hyperplastic epidermis. Thirty-one 


lesions with similar histological appearance 
were encountered along with 158 t 3 'pical ver- 
rucae in a review of surgical pathological 
material. 

Received Jul}' 11, 1949. P.S.E.B.M., 1949, <— 


Studies on the Thromboplastic Agent in Plasma. (17329) 


Joseph Lein (Introduced by V. F. Lindeman.) 

From the Department of Zoology, Syracuse University, Syracuse, N. Y. 


Thromboplastic preparations can conven- 
iently be divided into two categories, those 
containing proteins and those which are lipids 
free from protein. In a recent study on the 
mode of action of DicumaroP evidence was 
presented indicating that the thromboplastic 
agent in plasma responsible for the clotting 
of recalcified' plasma had the physiological 
characteristics of a lipid thromboplastic agent. 
Further evidence has been obtained consistent 
with this view and wll be presented in this 
paper. This evidence depends on a demon- 
stration of a direct proportionality between 
the coagulation time obtained with the throm- 
boplastic lipid and the coagulation time of a 
control sample of the same plasma which was 
recalcified and to which no thromboplastic 
agent was added. Such a relationship can be 
e.mlained most simply on the basis that the 
thromboplastic agent in plasma has the char- 
acteristics of the lipid thr omboplastic agent. 

ityty , 394. 


Such a relationship also implies, as will be 
discussed later, a mutual dependence on some 
limiting factor found in plasma. 

Methods. The thromboplastic lipid was 
prepared from beef brain as outlined in the 
previous study.- It was stabilized b 3 ' adding 
hydroquinone to make up 1% of weight. 
This substance is an antioxidant that pre- 
vents the auto.xidation of the preparation and 
its subsequent loss of activity.® In assaying 
the thromboplastic lipid a 0.2% emulsion in 
0.9% NaCl was prepared from the dr 3 '- ma- 
terial. The coagulation times of recalcified 
dog plasma were determined at room temper- 
ature with and without the thromboplastic 
lipid on 22 different occasions extending over 
a four month period. The plasma was ob- 
tained by withdrawing 9 parts of blc^' from 
tile femoral artery of an unanaesthetized dog 

aHay-i, H. W., .njid Lein, J., Arch. Dwehem., 
1945, 7, 09. 

3 Lein, J., .nnd Lein, P. S., Vroc. Roc. E.vr. Biol. 
aKD Mf.d., 1949, 70, 440 
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CjQTTrs'a rr,^ cs^CJ 
Fig. 1. 

Linear relationsliip betrveen clotting times ob- 
tained nrith and Tvithout the addition of the 
thromboplastie lipid to various samples of plasma. 

directh" into 1 part of 0.13 M sodium citrate. 
The blood was centrifuged for 30 minutes at 
2,500 r.p.m. and the upper three-fourths of 
the plasma used. The clotting mi.xture con- 
sisted of 0.6 cc plasma, 0.2 cc of 1% CaClj, 
and 0.2 cc of either 0.9% NaCl or of 0.2% 
thromboplastie lipid emulsion in 0.9% NaCl. 
The CaCls solution was always added last and 
the coagulation time determined -with a stop 
watch from the time of mixing of the clotting 
mixture to the time the tube could be inverted 
with no flow of its contents. The tubes used 
were small test tubes 10 x 75 mm. Two de- 
terminations were done in each case and the 
average used providing the average deviation 
did not e.xceed 10% of the mean. In a few 
cases where the deviations were greater, ad- 
ditional determinations were carried out. 

Results. There was a considerable variation 
in the coagulation times of different samples of 
plasma. This was true in those determina- 
tions in which the thromboplastie agent was 
added as well as those in which only saline 
was added. The variation, however, was not 
random. The results indicate a definite re- 
lationship between the dotting time obtained 
without the addition of the thromboplastie 
lipid and that obtained with its addition. The 
results are presented graphically in Fig. 1, 
each of the points representing determinations 
on a different sample of plasma. The points 
were fitted by a straight line using the method 
of least squares. The significance of the re- 
gression coefficient was tested statistically by 
the null hvqxithesis' and was found to be 


highly significant (df = 20, t =: 12.3). 

Discussion. The shortening of coagulation 
time by the addition of thromboplastie agents 
coupled with the fact that there is a great 
excess of prothrombin'’ and of fibrinogen’’ in 
normal plasma makes it evident that a limit- 
ing factor in coagulation when calcium ions 
are added in optimal quantities is the amount 
of thromboplastie agent present. The results 
hav’e indicated that a linear relationship exists 
between the accelerated clotting time caused 
by the addition of the thromboplastie lipid 
and the clotting time of the plasma without 
this addition. The possibility that this de- 
pendence is due merely to the additive effect 
of 2 thromboplastie substances is excluded 
since the concentration of the lipid used was 
in excess of the amount necessarv' to produce 
the ma.ximum shortening of coagulation time." 
With this possibility ruled out, it becomes 
difiicult to explain the results in terms of the 
classical ideas of thromboplastin action. If 
the lipid thromboplastie agent reacts with 
prothrombin in the presence of calcium ions 
to form thrombin, one would not expect there 
to be such a dependence as was demonstrated. 

The results are believed to be e.xplained 
most simplv' by the hv’pothesis that both the 
thromboplastie agent in the plasma and the 
thromboplastie lipid hav’e the same mechanism 
of action and that the clotting of plasma by 
both of these agents depends on some limiting 
factor found in the plasma. The latter assump- 
tion is necessarv’ since the results are ob- 
tained with optimal quantities of the throm- 
boplastic lipid. The variation of clotting 
times of the different plasma samples is 
thought to be due to the variation in the 
plasma factor since prothrombin is present 
in more than adequate concentrations. Ac- 
cording to this vdew the lipid thromboplastie 
agent prepared from tissues requires another 
factor found in plasma in order to become 
active. This is not true for protein thrombo- 
plastic agents since the work of Quick' and 

■* Snedeeor, G. TT., Statistic.il Jletliods, loiva 
State College Press, Ames, 3rd ed., IIS. 

‘"Tanturi, C. A., and Banli, R. F., J. Lai. and 
Clfn, ited., 1946, 31, 703. 

‘‘•’Witts, L. J., J. Path, and Bad., 1042, 54, 516. 

■ Quick, A. J., Science, 1940, 02, 113. 
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Others showed that the plasma dotting times 
Mith these agents are absolute and depend only 
on the prothrombin concentration when it 
becomes limiting. 

Stiminary. Statistical evidence is presented 
for a relationship between the coagulation 
time of recalcified plasma and the coagulation 
time accelerated' by the addition of a throm- 


boplastic lipid. This relationship is thought 
to imply that the thromboplastic substance 
in plasma responsible for the clotting of re- 
calcified plasma has the same ph 3 ’siological 
characteristics as the lipid thromboplastic 
agent and that both require for activity some 
limiting factor present in plasma. 

Keccived Juty 12, 1949. P.S.E.B.Jf., 1943, 72. 


Effect on Prothrombin of Acute Massive Plasmapheresis with Simultaneous 
Chloroform Intoxication. (17330) 

John R. Carter, George H. Chambers, and E. D. Warner. 

From the Department of Pathology, College of Medicine, The State University of Iowa, Iowa 

City, Iowa. 


From the earliest work on blood clotting, 
plasma prothrombin has been recognized as 
an integral component in the mechanism of 
thrombin formation. The effects on prothrom- 
bin of diverse pathologic and physiologic 
states have been studied extensively in the 
clinic and laboratory. Because prothrombin is 
so intimately related to liver function, an ap- 
preciable understanding of the origin, mode of 
action, and utilization of prothrombin may be 
acquired from subjecting the liver to various 
abnormal chemical and physical conditions. 
Experimental evidence and clinical experience 
with certain forms of liver and biliary tract 
disease indicate that plasma prothrombin is 
produced through the vital activity of the 
liver.^*' Thus experimentally induced hepatic 
necrosis,^'- and partiaP or complete Kepatec- 
tomjri'^ result in hypoprothrombinemia. 

Manj'’ factors, in addition to the fundamen- 
tal integrity of the liver, are known to operate 

1 W.nrner, E. D., Brinklious, K. Jt., .and Smifli, 
H. P., -lin. 'T- Pliy^tol., 193G, 114, G67. 

2 Smith, H. P., Warner, E. D., ;wd Brinkhons, 
K. M., J. Fxp. Meil., 1937, CO, 801. 

3 Warner, E. D., J. Exp. Med., 1938, (18, 831. 

4 Warren, K., and Jtlioados, J. E., jim. *1. M. Se., 
1939, 108, 193. 

3 Andrus, AV. D., Lord, .T. AV,, and Moore, R. A., 
Surocry, 1939, 6, 899. 

CBolIman, J. L-, Butt, H. E., and SneU, A. M., 
.Tul.M.A., 1940, 115, A0S7. 
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in the maintenance of plasma prothrombin. 
An adequate intake of Vitamin K is essential. 
Certain drugs, notably dicumarol, cause hy- 
poprothrombinemia without any morphologic 
evidence of damage to liver tissue. Yet very 
little is knotvn about the mechanism by which 
prothrombin is produced and utilized in the 
body. 

There is considerable evidence to suggest 
that plasma prothrombin will gradually dis- 
appear over a period of 1-3 days if the pro- 
duction of new prothrombin is impaired. Thus 
the minimum prothrombin concentration is 
reached in 36-48 hours following severe chloro- 
form poisoning,^’- or partial hepatectomy.® 
If animals are rendered hypoprothrombinemic 
as a result of Vitamin K deficiency or dicu- 
marol poisoning,® transfusions with normal 
■blood result in a temporary elevation of pro- 
thrombin concentration. The effect of trans- 
fusions lasts onty 1-2 days. Purified bovine 
prothrombin administered intravenously lasts 
2-3 days in a dog made hypoprothrombinemic 
■with dicumarol.’® On tlie other hand, when 
prothrombin production is impaired, the ten- 
dency of plasma prothrombin concentration 

s Smitli, H. P., AV.nrner, E. D., Brinklious, K. At., 
and Scegers, AV. H., .7. Fxp. .Med., 1938, «7, 911. 

0 Quick, A. .1., The Ilcmorrliagic Iliso/ist's, 
Cliarlos C. Tlioinas, 1942, p. 2S3. 
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to stabilize at a subnormal level, rather than 
to continue to decrease, suggests a decrease in 
the rate of prothrombin utilization. Thus, 
vnth some t3’pes of liver disease, ivith con- 
tinuous dicumarol administration, or i\nth a 
continuous but inadequate Vitamin K intake, 
the prothrombin concentration tends to reach 
an equilibrium. Were the utilization rate 
constant, it would seem that the decline re- 
sulting from inadequate production should 
continue. .‘Mso, the rapid fall of prothrombin 
concentration following total hepatectomj^-® 
suggests that prothrombin “turn over” may 
be more rapid than indicated by experiments 
which impair production. 

The purpose of the experiments reported 
in this paper was to determine the effect of 
massive plasmapheresis on the disappearance 
rate of prothrombin from the blood stream 
after severe chloroform intoxication, and' to 
correlate the changes in prothrombin concen- 
tration with those of the total protein con- 
tent of the plasma in dogs. 

The data resulting from the present e.xperi- 
ments entirety confirm previous ‘ findings'^"'^ 
relative to the essential role of the liver in the 
manufacture of prothrombin. In addition, 
the experiments indicate that 1) no signifi- 
cant reserve stores of prothrombin exist, 2) 
when the prothrombin production rate is de- 
creased, there is a concomitant decrease in the 
rate of its utilization, and 3) following chloro- 
form administration, the impairment of the 
prothrombin producing capacity of the liver 
develops gradually over a period of 1-2 daj'S. 

Methods. Adult mongrel dogs, weighing 
from 5.3-12.9 kg, were used in all experi- 
ments. No attempt was made to control the 
diets rigidljq nor was any correlation between 
the diet and experimental obsenmtions noted. 
The low protein, high carbohydrate diet con- 
sisted of hospital scraps which contained 
bread, primarily, with very little meat. The 
stock diet was composed of hospital scraps 
supplemented with purina dog chow. The 
high protein diet consisted of meat and dog 
chow only. Donor blood was obtained from 
dogs maintained on a stock diet. Following 
removal of the plasma bj- centrifugation, the 
cells were washed twice with, and subsequent- 
ly resuspended in, Locke’s solution. No col- 
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laid substances were supplemented. A period 
of starvation preceded the chloroform anes- 
thesia. (Table I.) Anesthesia was induced 
first with ether. The dogs subjected to chloro- 
form and plasmapheresis were given deep 
chloroform anesthesia for from 75-100 
minutes. Under ether anesthesia, immediate- 
ly following chloroform, the femoral vessels 
were exposed and cannulated. The bottle con- 
taining warmed donor blood cell suspension 
was attached to an .air pressure system so 
that the transfused blood entered the vein 
at virtually the same rate as blood was re- 
moved from the artery. Throughout the ac- 
tual exchange, equal volumes of recipient and 
donor blood were constantly maintained. The 
rate of e.xchange was not allowed to exceed 
100 cc per minute. The fraction of the cal- 
culated blood volume removed is indicated 
in per cent in Table I. The calculated blood 
volume was based on 90 cc per kg of body 
weight. Naturally, the blood removed during 
the pheresis procedure represents an admix- 
ture of the recipient’s own blood and donor 
cells. The percentage of prothrombin and 
plasma proteins removed by the pheresis pro- 
cedure was determined by calculation of dif- 
ferences of the levels before and immediately 
after plasmapheresis. Blood for the analyses 
was drawn from the jugular vein into a 
syringe wet with o.xalate solution, and gently 
expressed into an 8 cc hematocrit tube con- 
taining 1.85% potassium o.xalate. Prothrom- 
bin determinations were done b}" the two- 
stage method of Warner and Smithd-- Crude 
lung extract which is rather rich in accelerator 
factor (s) was used as the source of throm- 
boplastin. Protein values were determined 
by the semi-micro Kjeldahl method using the 
Parnas-Wagner distillation apparatus. 

Experimental Observations. Prothrombin, 
total plasma protein, and hematocrit values in 
a tj^ical experimental dog (45-4a) following 
prolonged chloroform anesthesia are recorded 
graphically in Fig. 1. The fall of prothrom- 
bin is extreme, the lowest level occurring at 
40-48 hours. It is at this time that the icteric 
index is ma.ximal, although the first appear- 
ance of icteric plasma is usually noted several 
hours earlier. Depending upon the depth and 
length of chloroform anesthesia, and the de- 



Effect of cMoroform on prothrombin, plnsm-i 
protein, and hematocrit values. 



Effect of plasmapheresis on prothrombin, 
plasma protein, and licmatocrit values. 

gree of relative anoxia, the prothrombin con- 
centration at the end of 48 hours may be vet}' 
low. There is a concomitant elevation of 
hematocrit values indicating moderate hemo- 
concentration. Prothrombin recovery begins 
promptly on the third day and is complete by 
the eighth day. This recoveiy^ coincides ndth 
liver repair which begins in about 48 hours 
and is almost complete in 5-6 days. It is 
noteworthy that the plasma protein values 
fall moderately during the period of maximal 
liver regeneration and prothrombin recovery. 
This phenomenon was repeatedly obserr’ed, 
and its possible significance will be discussed 
later. 

Fig. 2 shows the prothrombin, total plasma 
protein, and hematocrit values of a typical 
e.xperimental dog (45-Wh) following acute 
massive plasmapheresis. The precipitous fall 
of prothrombin and plasma proteins is rough- 
ly proportional to the amount of blood re- 
moved. At such low prothrombin levels, 
bleeding from venapuncture wounds frequent- 
ly occurred; no spontaneous bleeding was 
observ'ed, however. The recovery' curve of 
prothrombin follows a rather characteristic 
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Effect of chloroform and plasmapheresis on 
prothrombin, plasma protein, and hematocrit 
values. 


pattern, with a return to about 75% of normal 
in from 16 to 20 hours following plasma- 
pheresis. By the end of 50 hours, prothrom- 
bin values have returned to normal. The re- 
cover}'- rate of the total proteins is more pro- 
longed. It will be noted that after an abrupt 
rise of approximately 20% above the mini- 
mum value, the plasma proteins remain rela- 
tively constant for a period of about 26 hours, 
while during the same period, the prothrombin 
recovery rate is maximal. From 26-46 hours, 
the recovery rates of both prothrombin and 
plasma proteins are virtually the same, al- 
though for the latter, this period marks the 
maximal recovery rate. At the end of 116 
hours, the plasma protein level has returned 
to normal. The sharp rise followed by the 
abrupt fall of the hematocrit is adequately 
explained by hemoconcentration followed by 
relative anemia. 

llTien dogs are subjected to both acute mas- 
sive plasmapheresis and chloroform intoxica- 
tion, the graphical result is similar in several 
respects to a superimposition of the chloro- 
form curve upon the pheresis curve. There 
are certain significant differences, however. 
Fig. 3 shows the results of a typical experi- 
ment of this type (dog 45-4b). The fall of 
prothrombin concentration is abrupt follow- 
ing plasmapheresis. This is followed by an 
exceedingly rapid increase in prothrombin 
values, probably due to hemoconcentration 
initially. The prothrombin concentration is 
maintained at this elevated level for a period 
of approximately 20 hours. This is in sharp 
contrast to the ver5' transitory elevation of 
plasma protein and hematocrit values. Nu- 


merous attempts were made to alter the 
character of this segment of the prothrombin 
cur\m, but regardless of diet, the quantity of 
e.xchanged blood, or the degree of chloroform 
intoxication, a postpheresis plateau invariably 
was obtained. At about 26 hours, prothrom- 
bin values again begin to fall and continue 
to do so for an additional 20 hours. If one 
graphically compares the decrease in pro- 
thrombin concentration after 26 hours with 
that of the comparable period in dogs sub- 
jected to chloroform intoxication only, it is 
observ'ed that the curvms are similar. This 
indicates that the termination of the p)ost- 
pheresis plateau and the subsequent decline 
in prothrombin concentration is the result of 
liver damage initiated some 30 hours previ- 
ously by chloroform. As in the case of chloro- 
form alone, the minimum prothrombin con- 
centration is reached by the end of 48 hours. 
This is followed by a slow, but progressive 
recovery period. 

The first segment of the plasma protein 
curve (Fig. 3) follows the pattern of the 
prothrombin curve rather closely. The rapid 
fall of plasma proteins parallels the fall of 
prothrombin. In every instance, the edema 
level was reached or exceeded, but, probably 
because this was only transitorj’-, no clinical 
edema was noted. The postpheresis recovery 
curves of plasma protein values were quite 
variable, but generally speaking, there was a 
transitory rise with a secondary fall com- 
parable to that of the hematocrit values. In 
the experiment shown in Fig. 3, concomitant 
vnth the fall of prothrombin, incident to the 
hepatotoxic effect of chloroform, plasma pro- 
tein values gradually rose from 3.5 g% to 
5.2 g%. This level was maintained for ap- 
proximately 80 hours, during which time pro- 
thrombin recoverj^ was most rapid. The 
general pattern of the plasma protein curve 
showed considerable variation in different 
animals, however. In some animals, there was 
a definite but minimal fall of plasma proteins 
during the period of maximal liver injury. 
Often, an additional drop in plasma proteins 
was obser\"ed during maximal prothrombin 
recovery. In other animals, plasma protein 
recovery paralleled prothrombin recovery. The 
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hematocrit values frequently showed a slight 
decrease immediately following plasmaphere- 
sis. A transitory rise, presumably due to 
hemoconcentration, then occurred in all of 
the dogs. This rise lasted only one to 2 hours 
in contrast to the postpheresis rise in pro- 
thrombin values, however. Considerable 
hemolysis was unavoidable in the massive 
pheresis procedure so that even though the 
hematocrit values of donor cell suspension and 
recipient blood were virtually the same, 
many of the washed red blood cells were 
hemolyzed. The result was a moderate 
anemia. The hematocrit values leveled off 
at from 30 to 40% and gradually returned to 
normal after 2-3 weeks. 

Discnssion. The profound fall in plasma 
prothrombin concentration in dogs having 
been subjected to chloroform intoxication con- 
firms the previous work of Warner, Smith, 
and Brinkhous.^'- The evidence indicates 
that the liver is the source of prothrombin 
production, since the fall of prothrombin con- 
centration rather closely parallels the degree 
of liver injury, and the prothrombin returns 
to normal as the liver regenerates. 

Kerr, Hunntz, and 'lATiipple,^' showed 
that severe liver injury in dogs by means of 
phosphorous or chloroform intoxication nil] 
cause, or at least be associated with, a 
moderate fall in blood plasma proteins. With 
l ]/2 hours of chloroform anesthesia, the fall 
began on the second day and progressed for 
the next 3 or 4 days during which period 
liver repair was most active. With com- 
parable liver injur}', our data (Fig. 1) re- 
vealed a similar plasma protein response, the 
minimal level occurring at about 4j4 days. 
For almost 3 daj-s following the administra- 
tion of chloroform, during which period the 
prothrombin concentration had reached its 
lowest level and had begun to return toward 
normal values, the plasma proteins had re- 
mained relatively stable at a normal le\'el. 
This lag period, occurring concomitantly with 
that of the greatest liver injury, could be 
explained by the presence of reserve stores 
of plasma proteins, if one assumes that the 

11 i{;err, W. J., Hurwitz. aivt liipplp, 

G. H., J’li. J- PhysioL, 191S, AT, 3<9. 


liver is the source of albumin and globulin 
and that the rate of utilization remains con- 
stant at a normal level. If this assumption 
is valid, there must be some decrease, if not 
a total arrest, in the rate of plasma protein 
production resulting from liver injury. The 
lag period might also be taken as evidence, 
although inconclusive, that tissues other than 
liver fabricate albumin and globulin. Never- 
theless, the extensive work of W'hipple, hlad- 
den et al. strongly favors the liver as the 
source of the plasma proteins.^ There are 
at least two other possible explanations for 
the decline of plasma proteins during the 
period of liver repair and maximal prothrom- 
bin regeneration. A smooth line cunm of the 
plotted data accentuates the fact that the de- 
cline of plasma proteins coincides with an 
increase in prothrombin concentration, there- 
by suggesting a relationship between the two. 
Although prothrombin is only a very small 
fraction of the total proteins, it is conceivable 
that in order for prothrombin to be fabricated 
rapidly following liver injury, relatively large 
amounts of plasma proteins are diverted from 
the circulation to provide a pool from which 
the prothrombin molecule is constructed. Or, 
it is possible that the circulating proteins are 
called upon to supply the amino acid moiety 
necessarj' to fabricate liver protein itself, since 
the fall in plasma proteins occurs during the 
period of regeneration of liver tissue. 

The rapid removal of as much as 50% of 
the circulating prothrombin results in the 
expected abrupt reduction of the level in the 
blood. On the basis of evidence cited above, 
that prothrombin in the blood lasts 1-3 
days,' the removal of such amounts of 
prothrombin in animals subjected to chloro- 
form intoxication would be expected to result 
in a conspicuously lower prothrombin level 
throughout tlie remainder of the e.vperimental 
period. On the contrary, plasmapheresis does 
not appear to increase the severity of the hy- 
poprothrombinemia, nor does it appear to alter 
the rate of prothrombin regeneration during 
the recovery period. The postpheresis plateau 
in chloroformed dogs could be e.xplained on 

I-- Madden. S. C-.. .and Wldiiple, G. IL. Physiol. 
7!rr., 1.040, 20, 1.04. 
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the basis of available prothrombin from re- 
sen’e stores. Were this the case, however, 
once the reserves were exhausted, the pro- 
thrombin concentration would be expected to 
fall rapidly to a point below that of the 
chloroformed animals not subjected ■ to plas- 
mapheresis. Also, the rate of disappearance 
of prothrombin following total hepateclomy 
suggests that no significant stores exist. Fur- 
ther, with massive plasmapheresis in the 
normal animal, the fall in prothrombin con- 
centration appro.ximates the expected decrease 
from the amount of blood e.xchanged, and the 
rate of recovery is comparable to that seen 
in chronic Vitamin K deficiency following 
administration of specific therapy. Were ap- 
preciable quantities of prothrombin present 
in stores, it would be expected that the fall 
would be Iks and the reco%mry rate more 
rapid in the acute pheresis animal. 

The relative ineffectiveness of massive plas- 
mapheresis to materially alter the prothrombin 
level beyond 24-36 hours, despite greatly im- 
paired liver function, could be e.xplained on 
the basis of a very rapid turnover of the 
plasma prothrombin. Thus, if under normal 
conditions, the prothrombin of the blood was 
replaced several times per hour, the amount 
removed by plasmapheresis would become 
relatively insignificant. However, such rapidi- 
ty of turnover does not seem compatible with 
the rate of fall of prothrombin following total 
hepatectomy 

Evidence now available suggests that for 
any given level of hepatic function relative 
to prothrombin production, a balance is es- 
tablished between the rate of utilization and 
rate of formation. .>\s a result, the plasma 
prothrombin becomes stabilized at a subnor- 
mal level, the height of which is determined 
more by productive capacity, than by any 
semi-constant rate of utilization. This is in 
accord wdth the tendency for the plasma pro- 
thrombin to become stabilized at a subnormal 
level when animals are maintained on a low 
Vitamin K or continuous dicumarol intake. 

Our observations would strongly indicate, 
therefore, that no significant reseu’e stores 
of prothrombin e.xist, but rather that a nice 
balance between prothrombin production and 
utilization best e.xplains the experimental find- 


ings. Indeed, even the postpheresis plateau 
is probablj' an artefact, since if we compare 
the fluctuation of plasma protein and pro- 
thrombin values with those of the hematocrit, 
it tvill be seen that fluctuations of plasma 
volume might well result in an apparent in- 
crease per unit volume of plasma proteins and 
prothrombin. 

Calculations involving total grams of plas- 
ma proteins and total units of prothrombin, 
respectively, 1) before plasmapheresis, 2) 
actually removed, and 3) remaining in the 
circulation, 1-10 minutes after pheresis, were 
made. The respective values were corrected 
for o.xalate and hematocrit. The results were 
in accord with the fact that reserve stores of 
plasma protein exist, but indicated that no 
significant, if any, reserve stores of prothrom- 
bin are present. Since no total plasma volume 
determinations were performed, however, the 
calculations are inconclusive. Wide fluctua- 
tions in total plasma volume could readilj’' 
distort the total values of prothrombin and 
plasma proteins. 

From the e.xperimental data, it can also 
be concluded that hspatotoxic damage with 
the concomitant decrease in prothrombin con- 
centration incident to chloroform intoxication, 
is a progressive phenomenon which develops 
gradually over a period of 1-2 days. If the 
liver were completely functionless after the 
first hour of chloroform, the postpheresis 
plateau would then be impossible. Rather the 
prothrombin would continue to fall at a rate 
determined by utilization alone. 

Sumviary. Dogs subjected to both chloro- 
form intoxication and acute massive plas- 
mapheresis reveal changes in prothrombin con- 
centration -which rather conclusively indicate 
that no significant reserve stores of prothrom- 
bin exist. The stabilization of prothrombin 
at subnormal levels, as well as the rate of 
recoverj- of prothrombin, represents, instead, 
a balanced equilibrium between production 
and utilization. The data also substantiate 
the impression that hepatotoxic injury, rvith 
a concomitant decrease in prothrombin con- 
centration, is a gradual progressive phenom- 
enon. 

Reedvcd .lulv 13, 194D. 
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Electrocardiographic Changes Produced on the Syrian Hamster {Cricetus 
aurafus) by Diphtherial Toxins. ( 17331 ) 

K. Braun, L. A. Stuczynski, and N. Grossowicz. (Introduced by L. Olitzki) 

From the Department of Medicine, Division S, Hadassah-Rothschild-Dniversity-Hospital, ancJ 
the Department of Bacteriology, Sebrew University, Jerusalem, Israel 


The golden hamster, Cricetus auratus, is 
sensitive to diphtherial toxin and exhibits 
neurotoxic symptoms when toxins ex-posed to 
alkaline reactions are administered, whereas 
toxins kept at slightly acid or neutral re- 
actions do not exert apparent effects on its 
nervous system.^-- Since the clinical syn- 
drome of diphtheria is characterized by neuro- 
logical disturbances as well as abnormalities 
in the cardiac function, it was decided to study 
the effect of diphtherial toxins on the heart 
of the golden hamster. 

Methods. Toxin samples were prepared 
from filtrates of 8 day cultures of Corynebac- 
terium diphtheriac (Park No. 8 strain). With 
the aid of highly diluted HCl or NaOH the 
toxins were brought to the proper pH level 
and kept at it for 8 days at 30°C as de- 
scribed elsewhere.^'- Clinical and electro- 
cardiographic examinations were made on a 
total of 24 hamsters; special attention was 
paid to the appearance of peripheral paraly- 
sis. Limb leads electrocardiograms were taken 
on a portable amplifier instrument. Small 
(0.5 : 1,2 cm) electrodes of German silver 
were applied after the skin had been rubbed 
with electrode jelly. 

Results. In 5 apparently normal hamsters 
electrocardiograms were taken at 3 day inter- 
vals for one month. They showed within 
this period a constant pattern, the various 
deflections being similar to those of the human 
electrocardiogram. The P wave was indistinct 
owing to the rapid heart rate, 300-400 per 
minute, as shown in Fig. 1, left side. 

Ten hamsters received minimal lethal doses 
of a toxin kept at pH 6.7: their average sur- 
vival time was 8 days. No neurotoxic symp- 

1 Olitzki, L., Stuezynski, L. A., and Grossowicz, 
N., 4th Internal. Cong. f. Microbiol Copenhagen, 
1047 ; Itcp. Proe., 1949, p. ISO. 

- Olitzki, L., Stuezynski, L. A., and Gros.son-icz, 
N., *1* Immunol, 194S, 00, 419. 


toms appeared; daily electrocardiograms did 
not reveal any disturbance of the heart func- 
tion. In 4 animals we succeeded in obtaining 
electrocardiograms 4 hours before death; they 
were found to be normal. .4t gross pathologic- 
al examination the classical signs of diphtherial 
intoxication were found: edema and necrosis 
at the site of injection and hemorrhages in 
the adrenal glands. 

Another group of 11 hamsters received 
minimal lethal doses of a toxin ex-posed to pH 
7.3. In 5 of them paresis appeared and 
their electrocardiograms showed marked ab- 
normalities, summarized in the upper part 
of Table 1. These changes preceded by some 
days the appearance of neurological abnorm- 
alities. In 6 other animals the electrocardio- 
gram and the neurological functions remained 
normal. 

A third group of 8 animals received minimal 
lethal doses of a toxin e.\-posed to pH 8.3; 
their average survival time was 21 days. All 
of them showed paresis and marked electro- 
cardiographic disturbances, summarized in 
the second part of Table I. (f/. Fig. 1, right). 



Fig. 1. 

Left: Eleotroearaiogr.im (leads If niid III) in 
a norni.lI Iiamster. 

Biglif: Auriculo vcnlricul.ir Mock after the in- 
jection of .1 diplitlicrial toxin kept at pH S.O. 
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TABLE I. 

Paresis and Heart Disturbances Produced in Hamsters by Minimal Lethal Doses of Diphtherial 


Toxins Exposed to Alkaline Beaetioiis. 


Xo. 

liamstcr 

Toxin kept 
at pH 

First appearance (days) of 
disturbances of the 

Survival, 

days 

Functional abnormalities 
observed 

Nervous system 

Heart function 

1 

7.3 

4 

3 

5 

Ectopic beats 

2 

7.3 

S 

G 

9 

>5 » • 

3 

7.3 

10 

7 

25 

If M 

4 

7.3 

5 

4 

6 

Partial aurieulo-ven- 
trienlar block 

5 

7.3 

11 

7 

12 

Ectoijic beats 

’ ' ”, later 

total auriculo-vontricu- 
lar block 

G 

S.5 

23 

23 

30 

7 

S.5 

25 

25 

28 

Like Xo. 6 

8 

S.5 

7 

7 

9 

total aurifulo-ventricn- 
Inr block 

9 

8.5 

7 

7 

12 

Like Xo. 8 

10 

S.5 

22 

22 

28 

Like Xo. S 

11 

8.5 

22 

oo 

30 

Ectopic beats 

12 

S.5 

s 

8 

IS 

Partial auriculo-ven- 
tricular block 

13 

S.5 

8 

S 

14 

Like Xo. 12 


TABLE n. 

Paresis and Heart Disturbances Produced in Hamsters by Subletiial Doses of Diphtherial 
Toxins Exposed to Alhaline Bcactions. 


Xo. 

hamster 

Toxin kept 
at pH 

Paresis, day of 

Ectopic beats, day of 

First appearance 

Recovery 

First appearance 

Recovery 

1 

7.3 

IG 

46 

9 

90 

O 

S.S 

10 

44 

20 

150 

3 

9.0 

17 

35 

OO 

150 

4 

9,0 

17 

45 

22 

270 


In a group of 4 hamsters the action of sub- 
lethal doses (0.2 -0.5 MLD) of toxins was ex- 
amined. In this group the neurotoxic sjunp- 
toms were of a transient character and disap- 
peared about 3 to 4 weeks after their first 
appearance. The electrocardiographic ab- 
normalities, on the other hand, persisted much 
longer and in one hamster were apparent 9 
months after the injection of the toxin. (Table 
H). 

Summary and conclusions. Diphtherial tox- 
ins exposed to alkaline reactions produced in 
the golden hamster, in addition to neurotoxic 
symptoms, marked disturbances in the heart 
function as indicated by electrocardiographic 


abnormalities. Acid-treated toxins on the 
other hand, did not cause any electrocardio- 
graphic changes. The first appearance of the 
electrocardiographic changes frequently pre- 
ceded that of the parah'tic symptoms, and 
when sublethal doses were administered, the 
electrocardiogram remained abnormal even 
after the neurological symptoms had disap- 
peared. Electrocardiographic examination of 
the heart function seems, therefore, to be a 
more sensitive method of measuring the ac- 
tion of certain diphtherial toxins than the ob- 
serv'ation of the neurotoxic si’inptoms. 

Bcccivcd July IS. 1949. P.S.E.B.M., 1949, T2. 
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Electrocardiographic Changes Produced on the Syrian Hamster (Cricctus 
auratus) by Diphtherial Toxins. (17331) 

K. Braun, L. A. Stuczynski, and N. GROssomcz. (Introduced by L. Olitzki) 
From the Bepartment of Medicine, Division B, Sadassah-Bothschild-Univcrsity-no.nntal, and 
le Department of Bacteriology, De'brew University, Jerusalem, Israel. 


The golden hamster, Cricctus auratus, is 
sensitive to diphtherial toxin and exhibits 
ncurotoxic symptoms when toxins exposed to 
alkaline reactions are administered, whereas 
toxins kept at slightly acid or neutral re- 
actions do not exert apparent effects on its 
nervous system.^- Since the clinical syn- 
drome of diphtheria is characterized by neuro- 
logical disturbances as well as abnormalities 
in the cardiac function, it was decided to study 
the effect of diphtherial toxins on the heart 
of the golden hamster. 

Methods. Toxin samples were prepared 
from filtrates of 8 day cultures of Corynebac- 
tcrium diphtheriae (Park No. 8 strain). With 
the aid of highly diluted HCl or NaOH the 
toxins were brought to the proper pH level 
and kept at it for 8 days at 30°C as de- 
scribed elsewhere.!'- Clinical and electro- 
cardiographic examinations were made on a 
total of 24 hamsters; special attention was 
paid to the appearance of peripheral paraly- 
sis. Limb leads electrocardiograms were taken 
on a portable amplifier instrument. Small 
(0.5 ; 1.2 cm) electrodes of German silver 
were applied after the skin had been rubbed 
with electrode jell}'. 

Results. In 5 apparently normal hamsters 
electrocardiograms were taken at 3 day inter- 
vals for one month. They showed within 
this period a constant pattern, the various 
deflections being similar to those of the human 
electrocardiogram. The P wave was indistinct 
owing to the rapid heart rate, 300-400 per 
minute, as shown in Fig. 1, left side. 

Ten hamsters received minimal lethal doses 
of a toxin kept at pH 6.7; their average sur- 
vival time was 8 days. No neurotoxic symp- 

1 Olitzki, L., .Stuczynski, L. A., and Grossowicz, 

N. jih Internat. Cong. f. Microbiol. Copenhagen, 
ini'; Fcp. Proc., 1949, p. 180. 

J Olitzki, L., Stuczynski, L. A., and Grossowicz, 

H., J. Immunol., 1948, CO, 419. 


toms appeared; daily electrocardiograms did 
not reveal any disturbance of the heart func- 
tion. In 4 animals we succeeded in obtaining 
electrocardiograms 4 hours before death; they 
were found to be normal. .'\t gross pathologic- 
al e.xamination the classical signs of diphtherial 
intoxication were found: edema and necrosis 
at the site of injection and hemorrhages in 
the adrenal glands. 

Another group of 11 hamsters received 
minimal lethal doses of a toxin e.xposed to pH 
7.3. In S of them paresis appeared and 
their electrocardiograms showed marked ab- 
normalities, summarized in the upper part 
of Table I. These changes preceded by some 
days the appearance of neurological abnorm- 
alities. In 6 other animals the electrocardio- 
gram and the neurological functions remained 
normal. 

A third group of 8 animals received minimal 
lethal doses of a to.xin e-xposed to pH 8.5; 
their average sunu’val time was 21 days. All 
of them showed paresis and marked electro- 
cardiographic disturbances, summarized in 
the second part of Table I. (c/. Fig. 1, right). 



.n norni.nl Iiamstor. 

Biglit: xVuricuIo-vontriouI.nr block after tlic in- 
jection of a iliplitlierial toxin kept at pll 8.,'. 
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calcium beta naphthol in the alkaline phospha- 
tase method of Manheimer and Seligman, p- 
chloranilidophosphonic acid in the phosphami- 
dase method, and palmitoyl choline chloride 
in preference to mjTistid choline chloride in 
the cholinesterase method. 

Results. The patterns of the different en- 
z}-me activities were consistent in the brains 
examined. Alkaline phosphatase was demon- 
strated in an apparently great quantity in the 
pigeon brain (Fig. 1) by both the methods 
of Gomori, and INIanheimer and Seligman. 
This observation is noteworthy because 
Gomori^' and Bourne'® state that alkaline 
phosphatase is not found in brain tissue. On 
the other hand we could not demonstrate in 
the pigeon the great quantities of acid phos- 
phatase which are reported by these workers 
to be present in the brains of other animals. 
However, the faint patterns which we did ob- 
tain were consistent. Although the results of 
this procedure are difficult to interpret, we 
have included them in our comparative analy- 
sis of the different enz3Tne patterns. 

From observations restricted to a few clear- 
ly defined structures, we wish to point out 
some striking differences in the enzyme con- 
tent of a few* areas in the brain keeping in 
mind the questions raised in one of the pre- 
ceding paragraphs concerning the validity of 
the methods emploj'ed. 



Gomori, G., .1. Cc!). amt Comp, Physiol., 1941, 
17, 71. 

1^ Bourne, G., Quart. J. Exp. Physiol., 1943, 
32, 1. 



Fig. 3. 


In adjacent sections the nucleus ovoidalis 
appears to be entireh' lacking in alkaline phos- 
phatase (Fig. I), but seems ver}”^ rich in chol- 
inesterase (Fig. 2.). Its outline may be traced 
in a preparation which demonstrates acid 
phosphatase, but it can hardly be distinguish- 
ed from otlier structures in a phosphamidase 
preparation (Fig. 3) inasmuch as its content 
of phosphamidase is about the same as that 
of the surrounding brain tissue. 

The nucleus rotundus is simiJarty conspic- 
uous in cholinesterase preparations (Fig. 2) 
whereas its outline can be barelj' identified 
in acid phosphatase preparations. Its con- 
tent of alkaline phosphatase is marked!}' Jess 
than that of surrounding structures ( Fig. 1 ) ; 
in phosphamidase preparations its boundaries 
are indistinct (Fig. 3). 

The occipital pole of the forebrain shows 
some acid phosphatase and a high content of 
phosphamidase (Fig. 3) and of cholinesterase 
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Distribution of Certain Enzymes in the Brain of the Pigeon.* (17332) 

Jo Anne Sinden and Ernst Schaerer. 

Fro7n the Department of Anatomy, University of Colorado Medical Center. 


In the course of investigations dealing with 
the functional significance of cerebral capil- 
lary patterns, a relationship was found be- 
tween the vascularity of certain neuropils and 
the number of mitochondria present.^ The 
relationship was considered significant because 
mitochondria are carriers of enzymes.-"^ This 
fact and the availability of histochemical 
methods for the demonstration of enzymes in 
tissues suggested a study of the distribution 
of enzymes in the brain as one aspect of the 
relationship between cerebral vascularization 
and brain metabolism. 

Materials and methods.^ Pigeon brains were 
used in this study because it was found from 
a survej’' of the brains of various vertebrates 
that the histochemical methods available for 
the demonstration of enzyme activities gave 
the best over all results in pigeon brains. The 
methods used were those of Gomori® and 
Manheimer and Seligman® for alkaline phos- 
phatase, and those of Gomori for acid phos- 
phatase,” phosphamidase,® and cholinesterase.® 
Although these methods represent valuable 

* Tliis paper reports research undertaken under 
contract u-ith the Office of Naval Eesearch. The 
conclusions contained in this report are those of 
the authors and do not necessarily reflect the views 
of the Office of Naval Research. 

1 .Scharrer, E., J. Comp. Near., 1945, S3, 237. 

2 Warburg, 0., Pfliiger’s Arch. f. d. yes. 
Phijsiol., 1913, 154, 599. 

3 Lazarow, A., and Barron, E. S. G., Anat. Pec., 
1941, 79, (suppl.), 41. 

4 Claude, A., A.A.A.S. Res. Confer, on Cancer, 
1945, 223. 

t We are greatly indebted to Dr. G. Gomori, 
University of Chicago, for helping us solve tech- 
nical problems that arose in the course of the 
investigation. 

r. Gomori, G., Proc. Soc. Exp, Biol, axd Wed., 
1939, -42, 23. 

fiWanheimer, L. H., and .Seligman, A. M., ,7. 
Fat. Cancer In-ii., 1948, 9, ISl. 

7 Gomori, G., Arch. Path., 1941, 32, 1S9. 

5 Gomori, G., Pkoc. Sor. Exe. Biou .axo Wed., 
1948, «9, 407. 


additions to the e.xisting histochemical 
methods, caution is required in the interpre- 
tation of the results that may be obtained from 
their application. Several investigators’®'*® 
have shown that there is a definite unavoid- 
able destruction and loss of the phosphomono- 
esterases, particularly acid phosphatase, as a 
result of the fixing, embedding, and mounting 
processes to which tlie tissues are subjected. 
In fact, the validity of the assumption that 
the results obtained by the acid phosphatase 
method are wholly or at all due to the activity 
of this particular enzjmie has been seriously 
questioned. The accuracy of the locali- 
zation of alkaline phosphatase activity has 
been doubted,’® but the sharp boundaries in 
our pictures indicate that there occurred little 
if any diffusion. In regard to the demonstra- 
tion of cholinesterase activity Koelle and 
Friedenwald’® suggest that the method of 
Gomori localizes only a non-specific enz 3 'me 
and that there may be other undemonstrated 
cholinesterases present which have different 
substrate specificities. 

In preparation for the enzjmie determina- 
tions the tissues were fixed in chilled acetone 
or absolute alcohol, were transferred to ben- 
zene and were infiltrated with and embedded 
in paraffin in a vacuum oven. The sections 
were cut at 5p. The substrates used were 
sodium alpha glycerophosphate in the acid 
and alkaline phosphatase methods of Gomori, 

!' Gomori, G., Proc. Soc. E.vp. Bior- a.vd Men., 
1948, 03, 354. 

10 Doyle, W. D., Pnoc. Soc. E.xp. Bjol. a.vd 
Med., 1948, 09, 43. 

31 .Smith, W. K., Anal. Per., 1948, 102, 523, 

12 St.airor(], R. O., .iml Atkinson, AV. B., Science, 
1947, 107, 279. 

13L.ns,sck, A. M., Stain Tech., 1947, 22, 133. 

H Bartelmcz, G. W., .and Ben.slcy, S. H., Science, 
1947, 100. f>39. 

.r.ncoby, F., and Jtartin, B. F., Nature. 1949, 
10.3, 875. 

ifl Koollc. G. B., and Friedenwald, .1. .S., Proc, 
.Soc. Exp. Biol, and Mkd.. 194.9, 70, CI7. 



A Method for Measuring Removal of Bacteria from the Blood by the 
Various Organs of the Intact Animal/t (17333) 

Samuel P. ^^Iartin, Grace P. Kerby, and Bernard C. Holland 
(Introduced by E. A. Stead, Jr.) 

From the Department of Medicine and the Division of Dermatotogp and Sijphitoiogy, DuV.e 
Vniversity School of Jfedicine, DiirJiaTn, A*. C. 


The ability of the body to remove foreign 
matter from the circulation has interested in- 
vestigators since the nineteenth centurjL Wys- 
sokowitch' in 1886 noted that the cells of 
the vascular endothelium rapidly cleared the 
blood of pathogenic and non-pathogenic or- 
ganisms. Aschoff- considered these cells as a 
functioning unit which he called the reticuo- 
endothelial system. By perfusing isolated 
organs IManwaringf found that the canine 
liver and spleen removed organisms much 
more rapidlj'- than other organs. Studies on 
the rapidity of removal and the acceleration 
of removal by immunity were carried out by 
BulP and Wright.“ Cannon<> and Sullivan" 
showed that after single intravenous injec- 
tions, large numbers of organisms were found 
in the liver and spleen with few in the brain, 
lungs, muscle and thjToid. Beeson® in his 
study of subacute bacterial endocarditis noted 
the sparsity of organisms in hepatic venous 
blood. The object of the present report is to 
d^cribe a method of quantitative estimation 

* This work was supported by the Anna H. 
Hanes Besearch Fund. 

t The authors wish to express their appreciation 
to Dr. D. T. Smith of the Department of Bac- 
teriologr for making available the media and 
certain other supplies which were used. 

^ ^'>’ysBokowiteh, W., Z. f. FLyg. io. In/., 1886, 

I, 3. 

- Aschoff, D., Ergehn. Inn. Med. Kinderheill:, 
1924, 20, 1. 

^ ATanwaring^ TV. H., and Fretschen, TVilliani, 

J. Immunol., 1923, 8, S3. 

* Bull, C. A., J. Exp. lied., 1916, 24, 7. 

STVright, H. D., J. Path, and Pact., 1927, 30, 

185. 

0 Cannon, Paul E., Sullivan, F. L., and Necker- 
mann, E. F., J. Exp. Med., 1932, 55, 121. 

~ Sullivan, F. L., Neckermann, E. F,, and Can- 
non, Paul E., J. Immunol., 1934, 20, 49. 

8 Beeson, P., Brannon, E. S., and Warren, J, T., 
J. Exp. Med., 1945, 81, 9. 


of the rate of removal of bacteria from the 
blood stream in the intact animal. 

Methods. Healthy 7 to 23 kg dogs and 
2.6 to 3.1 kg albino male rabbits were used. 
Light anesthesia was maintained throughout 
the experiment by the use of intravenous 
sodium pentobarbital. 

The hemolytic Micrococcus aureus emploT- 
ed was of human origin, coagulase positive, 
and it fermented mannite. The encapsulated 
Klebsiella pneumoniae tjqie B was obtained 
from Dr. R. J. Dubos. The inoculum used 
for infusion consisted of a suitably diluted 
saline suspension of bacteria washed from the 
surface of Bacto trrqitose agar after 5 to 6 
hours of incubation at 37°C. 

A controlled bacteremia was maintained b}’' 
a continuous infusion into the femoral vein, 
the inferior vena cava, or the right auricle of 
the dog of 1 to 5 X ICP hemolytic Micrococcus 
aureus organisms per minute by means of a 
number 6 or 8 ureteral catheter introduced 
into the veins. similar infusion of approxi- 
mate!}" 1 X ID* Klebsiella pneumoniae t}-pe B 
organisms per minute was accomplished in the 
rabbit using the superior vena cava. A con- 
stant rate of inflow was maintained by the 
use of a standard intravenous drip set or by 
the use of a STTinge activated by a motor- 
driven plunger with variable gears allowing 
control of the rate of movement of the plung- 
er. An initial relatively large dose of organ- 
isms was given to each animal in order to 
attain rapidly the desired blood bacterial 
count which was maintained thereafter by 
the constant inflow of bacteria. After 5 to 
30 minutes blood samples for culture were 
drawn from various sites as indicated in 
Tables 1 through III. 

In the dog, femoral and jugular venous and 
femoral arterial blood samples were drawn at 
approximately 15 minute intervals through 
an arterial-U-pe needle left in situ. Hepatic 
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(Fig. 2); but it is entirely free of alkaline 
phosphatase (Fig. 1). 

The observation of layers of enzymatic ac- 
tivity in the optic tectum (Figs. 1-3) is of 
particular interest in view of the correspond- 
ing arrangement of cells, fibers, blood vessels, 
and mitochondria in this part of the brain. A 
more detailed description of the distribution 
of enzymes in the optic tectum -will 'be given 
in a separate paper. 

Discussion. The statements “free of” or 
“rich in” as made in the description of our 
preparations should, of course, not be taken 
to mean absolute quantitative values, since 
there is, as has been pointed out above, an 
unavoidable loss of enzymatic activity that 
occurs in the process of fi.ving, embedding and 
mounting the tissues. 

Consequently the results which we have ob- 
tained are only relative. For example the 
nucleus ovoidalis and the occipital pole of the 
forebrain appear in our preparations free of 
alkaline phosphatase. This may be only the 
result of the loss of the relatively small 
amounts of the enzyme which they contained 
in the living state. Other adjoining brain 
tissue may have had so much more alkaline 
phosphatase to begin with that even after 
having been subjected to the same technical 
procedures there is still enough of the en- 
zj'Tne left to give a marked reaction with the 
methods employed. The fact however remains 
that there are demonstrable differences in en- 
z}'me content. 

The distribution of cholinesterase activity 
shoOTi in our preparations is of interest in 
comparison with the results of Feldberg and 
Vogt.^” These authors assayed verj' small 
amounts of tissue taken from 40 different 
regions of the central nervous system; they 
found pronounced differences in the content 
of the enzyme or enzjme system synthesizing 
acetylcholine in the different regions ex- 
amined. The conclusion of Feldberg and 
Vo'^t that in the central nervous system cholin- 
ergic neurons alternate with noncholinergic 

19 Feldberg, and Vogt, M., -I. P/it/sio!., 1948, 
107, 372. 


ones suggests the possibility that our pictures 
of the distribution of cholinesterase in the 
pigeon brain may reflect .the actual situation 
rather than inadequacies of the method. 

It is evident that at present no conclusion 
should be drawn from these obserimtions as to 
the dififerences in actual metabolic functions 
of various parts of the brain. But it is dear 
that such areas as the nudeus rotundus and 
the nucleus ovoidalis differ not only in ana- 
tomical structure but also in some way bio- 
chemically from the surrounding brain tissue. 
For instance processes which require an en- 
zyme to catalyze the hydrolysis of phospho- 
monoesters nothin the pH range 9.0 to 9.4 
evidently occur to a much smaller extent in 
the nucleus rotundus and nucleus ovoidalis 
than in the adjoining optic tectum. On the 
other hand the large amounts of cholinesterase 
in the nucleus rotundus and nucleus ovoidalis 
indicate that they consist largely of cholin- 
ergic neurons and that they are surrounded by 
brain tissue containing mainly non-choliner- 
gic neurons. Whatever these differences may 
mean they are so pronounced that these struc- 
tures are more conspicuous in histocheniical 
preparations than in sections stained with 
ordinary histological stains. 

Summary and conclusions. Histochemical 
methods were used to demonstrate the pres- 
ence of alkaline and acid phosphatase, phos- 
phamidase, and cholinesterase in the brain of 
pigeons. It was found that there are marked 
differences in the enzjTne contents of various 
structures in the brain. This observation 
corroborates the concept of biochemical dif- 
ferences between different parts or different 
functional and anatomical s 3 'stems that has 
evolved from tlie work of a number of in- 
vestigators.» The use of histochemical 
methods makes possible the more detailed 
study of the “Chemoarchi tectonics” of the 
vertebrate brain which ■will be of interest 
when correlated with the c^’to-, myelo- and 
angioardiitectonics. 

t Tlic relevant liter.tturc ivill Le diseussed in 
anotlier p.tpcr. 

p!s.E.I3..Ar., I.OJ!), 72. 
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venous, renal venous and pulmonarj’ arterial 
blood samples ivere obtained through indwell- 
ing number 6 or 8 ureteral catheters intro- 
duced into the vessel via a jugular vein under 
fluoroscopic visualization. The technic of 
venous catheterization used in these experi- 
ments has been described bj"' Coumand and 
Ranges.® In each instance the right lobe of 
the liver was catheterized. Splenic venous 
blood samples were obtained by repeated 
venipunctures or from an arterial-txpe needle 
left in situ under direct visualization after 
opening the abdomen. 

In the rabbit mi-ved blood samples were ob- 
tained at appro.vimately 7 minute interx-als in 
initial preparations by repeated cardiac punc- 
tures and in subsequent preparations through 
an indwelling number 6 ureteral catheter in- 
troduced via a jugular vein into the inferior 
vena cava to the lower lumbar level. In each 
instance the left lobe of the liver was catheter- 
ized. 

In numerous e.xperiments the animals were 
sacrificed at the close of the obsen'ation 
period, and the position of the catheters was 
checked then by direct xdsualization. 

E.vperiments revealed that the preliminarx' 
wdthdrawal of 4 ml of blood sufficed to clear 
the catheter of its contents so that the sub- 
sequent sample represented the blood present 
in the lumen of the catheterized vessel. Such 
clearance was done in everx’ instance prior to 
the withdrawal of a blood sample for stud\'. 

Duplicate pour plates were made with blood 
samples of 0.5 to 1.0 ml volume in Bacto 
trjTJtose agar, serial saline dilutions of the 
■blood being used when necessarj" to obtain 
countable plates. 

Results. In Fig. 1 a representative experi- 
ment on a dog is charted. The bacterial counts 
in the femoral venous and femoral arterial 
blood varied somewhat during the course of 
each experiment. This is attributed to a slight 
variation in the rate of inflow of organisms and 
to the fact that the number of viable bacteria 
in the saline suspension which was adminis- 
tered decreased during the course of each e.x- 
periment. as shown by a comparison of the 

®Cournnnd, A., and Ranges. H. A., Pr.oc. Soc. 
Exp. Biol, axb Med., 1941, 40, 4G2. 
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Fio. 1. 

Cliart sIioTi-ing bacteremia maintained over 105 
minutes with arterial levels plotted against 
femoral and hepatic venous levels. 

inoculum litres at the beginning and at the 
end of the observation period. The data per- 
mit comparison of counts on samples drawn 
simultaneousli* from different sites, however. 

Table I records the counts of hemoljdic 
Micrococcus aureus per ml of blood in a group 
of mne dogs, including one animal (Xo. 18) in 
which an arterial blood level of 1 x Id'’ 
bacteria per ml was maintained throughout 
the experiment. The rate of removal of 
organism by the splanchnic circulation is re- 
corded in percent calculated from the simul- 
taneous hepatic venous and the femoral ar- 
terial counts, A high percentage of organisms 
was taken out bj’ the splanchnic circulation, 
the average removal in 57 observations on 
nine dogs being 74 ± 16% (S.D.), An analy- 
sis of femoral venous and femoral arterial 
bacterial counts based on 35 observ’ations in 
6 dogs showed that the removal of organisms 
in the peripheral circulation of the hind e.\- 
tremity was variable within wide limits, 
averaging 12 ±: 14% (S.D.). 

Table II presents observations in a group 
of 5 dogs in which various other organs were 
studied for their ability to remove hemohdic 
Micrococcus aureus from the blood stream. 
In two dogs (Xos. 9 and 10) the bacterial 
counts per ml of blood from the femora! 
arterj' and the splenic vein were used to 
calculate the percent removal in the splenic 
circulation. The average removal bv the 
spleen was 78 17% (S.D.) a rate which 

approximates closely that of the splanchnic 
circulation as a whole. In 2 animals (Nos. 


II and 12) no significant difference was found 
on comparison of the pulmonart- arterial and 
the femoral arterial bacterial counts. In 6 
observations on a single animal (No. 13), the 
jugular venous counts were 24 ±. 21% (S.D.) 
higher than the simultaneously determined 
femoral arterial counts. Preliminaiy- studies 
in several dogs not included in the present 
series have indicated no consistent trend in 
the relationship of renal venous and superior 
mesenteric venous counts to femoral arterial 
counts. 

Table III records the bacterial counts per 
ml of blood in a group of 7 rabbits receiving 
an encapsulated Klebsiella pneumonia Ttpe 
B. The percent removal by the splanchnic cir- 
culation was calculated from the hepatic ven- 
ous and the intracardiac or the inferior vena 
caval bacterial counts. Average splanchnic 
removal in 39 observations on 7 rabbits was 
20 i: 10%. (S.D.), a degree of removal which 
is highJv' significant (p = < 0.01). 

Discussion. A constant intravenous bac- 
terial infusion combined with the technic of 
venous catheterization provides a convenient 
method of determining the rate of removal of 
microorganisms by the organs draining direct- 
ly into the caval system. The spleen must be 
studied b.v some method allowing puncture of 
the splenic vein. The method used here mav 
be useful in studjdng the rate of removal of 
antigens and other particulate matter. 

Cannon® studied the removal of the micro- 
coccus from the blood stream by culturing 
weighed amounts of various organs. He 
showed the remarkable capacity of the animal 
to concentrate the inject^ organisms in the 
liver and spleen as well as the abilitj’ of these 
organs to destro}* the micrococcus. The lungs 
did not concentrate the organisms after intra- 
venous injection. Manwaring® found the ex- 
traction in the liver and spleen to be SO and 
60%, respectively. Beeson® found an average 
of 85% extraction in hepatic venous blood in 
human subacute bacterial endocarditis. 

The figure for the total splanchnic removal 
of the hemolytic Micrococcus aureus in our 
dogs was 74 16%, (S.D.) and the splenic 

removal 78 17% (S.D.). The hepatic 

venous and the splenic venous blood were 
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ermore the composition of the mineral matter 
found in bone^ is related to that of the body 
fluids as vould be expected from phase rule 
considerations for a solid solution.^^'^^ How- 
ever such phj’sico-chemical principles do not 
explain why calcification takes place at spe- 
cific sites and at a definite time in the life of 
the preosseus cells. 

Calcification in vitro of the hATiertrophic 
epiphj'seal cartilage has serv'ed as a useful 
indicator of the cellular factors.-'^-*-®'^^-^ The 
appearance of new calcification depends on 
the functioning of the complete system es- 
sential for mineralization, hlost of our 
knowledge of the “local factors” comes from 
such studies. Robison^®-^®-^® by such in vitro 
studies indicated the importance of phospha- 
tase. Gutman^® has presented evidence that 
phosphoralative glycogenol3"sis is an integral 
part of the calcification process. However, 
one can demonstrate the presence of phospha- 

■* Shelling, D. H., Kramer, B., and Orent; E. B., 
J. Biol. Chcm., 1928, 77, 157. 

5 Kramer, B., Shear, M. J., and Siegel, J., J. 
Biol Chcm., 1931, 01, 271. 

0 Kramer, B., Shear, M. J., and Siegel, J., J. 
Biol Chcm., 1931, 01, 723. 

‘ Eosenhcim, A. H,, Biochcm. J., 1931, 28, 708. 
s Niven, J. S. F., and Bohison, R., Biochem. J., 
1931, 28, 2237. 

® Logan, JI., Vloi.tiol Bcv., 1910, 20, 522. 

10 Huggins, C., Fhyisiol Bcv., 1937, 17, 119. 

11 Eisenberger, S., Lehrman, A., and Turner, 
W. D., Chcm. Bcv., 1940, 20, 257. 

1- Sobel, A. E., Rockenraaehcr M., and Kramer, 
B., J. Biol Chcm., 1945, 150, 159. 

13 Sobel, .A. E., and Hanok, A., J. Biol. Chcm., 
1948, 170, 1103. 

11 Sobol, A. E., Hanok, A., Kirshncr, H. A., and 
Fankuclien, I.. J. Biol. Chcm., 1949, 170, 205. 

13 Robison, R., Biochem. J., 1923, 17, 2SG. 
ifi Robison, R.. and Sonnies, K. M., Biochcm. J., 
1924, 18, 740. 

11 Sobel, A. E., Cohen, J., and Kramer, B., 
Biochcjn. ,T.. 1935, 20, 2640. 

i.*; Robison, R., Significance of phosphoric esters 
in metabolism, 1932, New York Hniversity Press. 

i» Gutman. A. B., Warrick, p. B., and Gutman, 
E. B., Science, 1942, 03, 401. 

20 Robison, B., Ann. Hcv. Biochcm., Stanford 
University Press, 1930, 5, 181. 

21 Waldmnn. J., pRoc. Soc. E.xp. Btou ASO 
Mnn., 1948, OS), 202. 


tase and phosphoralative glycogenolj'sis in 
tissues other than bone, iloreover Wald- 
man®^ has shown that calcification in vitro 
can take place when phosphatase is inacti- 
vated. Furthermore, in rickets due to stron- 
tium, calcification in vitro is inactivated with- 
out affecting phosphatase activiUL^"-— Thus 
it can not be unequivocallj^ stated that en- 
zj-mes acting on organic phosphates are re- 
sponsible for mineralization. 

It occurred to us that by extending the 
studies of the injurj' to calcification in stron- 
tium rickets w'hich is reversible in vivo and 
in vilro,^~ the role of a sj'stem handling cal- 
cium max* be e.xplored. (In addition we were 
stimulate the statement of ilcLean®® 
“Our search for a method of producing a 
reasonably complete but reversible inhibition 
of the local mechanism has so far failed.") 
This obsen’ation with strontium rickets and 
that of Robison®^'®® who caused mineraliza- 
tion of the hj'pertrophic epiphyseal cartilage 
in vitro bj’’ replacing Ca*"' ions with Sr** ions 
suggested that strontium competes with cal- 
cium for some constituent of the bone cell 
necessarj- for calcification. The more recent 
e-xperiments using radioactive strontium as 
an indicator of calcium metabolism are in 
harmonj- with such a concept.®® 

It was reasoned that if rachitic bone sections 
(produced by the usual high calcium, low 
phosphorus diet) were shaken with Sr*"’ ions 
of high concentration, subsequent calcifica- 
tion would be inhibited by the competitive 
combination of strontium ■B'ith a factor in the 
cell which is necessar}* for calcification, hlore- 
over since inhibition did in fact take place, as 

22 .Sobel. A. E., Coben, J., and Kramer, B., 
Biochcm. J.. 1935, 29, 2G4G. 

23 ilcLcan, P. C., Lipton, JI. A., Bloom, tV.. .and 
Barron, E. S. G., 14tU Conference on metabolic 
aspects of convaiescence, Symposium on bone 
metabolism, 194G. pp. IS, .Tosiali ifacy, Jr. Foun- 
dation, New York. 

2-) Robison, R,, and Rosenheim, A. H., Biochcm. 
J., 1934, 28, 0S4. 

23 Robison, R., and Rosenheim, A. H., Biochcm. 
J., 193G, 30, GG. 

20 Norris, W. D., and Kisicleski, W., Symposia 
on quantitative Eiolopjj, Cold Spring HarboT, 
L. I., N. Y., 1948, J3, 1G4. 
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cleared to the same degree. The absolute ef- 
ficiency of these organs cannot be determined, 
as the blood floiv per unit of tissue is not 
knonm in either instance. The percent re- 
moval ,of the bacteria remained high even 
when the arterial levels were maintained at 
50,000 and 100,000 per ml. IVhen one con- 
siders that the splanchnic circulation receives 
one-fifth of the cardiac output and that ap- 
proximately 75% of the organisms are re- 
moved in a single circulation, it becomes clear 
why such a large number of bacteria is re- 
quired to maintain a blood level of 100 organ- 
isms per ml. 

The tissues of the hind limb showed no 
consistent ability to remove organisms from 
the circulating blood. The percent removed 
in a single circulation through the hind ex- 
tremity was 12 ± 14% (S.D.). No organ- 
isms were lost in circulation through the lungs 
of the dog. 

In the present series of rabbits the total 
splanchnic removal of Klebsiella pneumoniae 
type B averaged 20 ± 10% (S.D.). The 
effect of variation in the parasite on the rate 
of removal by the host will be discussed in a 
later communication. 

Other studies'*’^ have shown that in the 
course of some e.xperimental bacterial infec- 
tions, the organisms are cleared partially or 
completely from the blood stream after a 
variable period of 5 to 48 hours, the variation 
depending apparently on the virulence of the 
infecting organism and the susceptibility of 
the host. After a period of several hours, the 


blood culture maj'- become positive again and 
may be associated with a progressively un- 
favorable clinical course leading to the death 
of the animal. The reason for the ineffective 
clearing of the blood stream in the later stage 
of the infection has not been determined. It 
may be that the removal mechanism is blocked 
by accumulation of organisms in the cells of 
the reticuloendothelial sj'stem, but this seems 
unlike]}’- because the mechanism still functions 
efficiently at a level of 100,000 organisms per 
ml. The organisms ma}^ proliferate in the 
cells and so alter their physiologic functions. 
Observations on the sites from which the bac- 
teria return to the blood stream and the state 
of the reticuloendothelial system at that time 
are needed. 

Summary. 1. A method of constant intra- 
venous infusion of bacteria combined -srith the 
determination of bacterial counts in the cir- 
culation at various sites by venous catheteri- 
zation is described, which provides a means 
of determining the site and of quantitating 
the rate of removal of bacteria from the blood 
stream of the intact animal. 

2. The total canine splanchnic removal of 
hemolytic Micrococcus aureus averaged 74 
ifc 16% (S.D.); splenic removal, 78 ± 17% 
(S.D.). No organisms were lost in circula- 
tion through the lungs. 

3. The total rabbit splanchnic removal of 
encapsulated Klebsiella pneumoniae type B 
averaged 20 ± 10% (S.D.). 

Bcecivcd .Tulv 21, 19-19. P.S.E.B.M., 1919, 73- 
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.4.LBERT E. SOBEL, SiDNEV NOBEL AND ALBERT H,VNOK. 
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Some aspects of normal calcification can 
be explained by physico-chemical concepts. 
For example, new calcification depends on 
the concentration of c alcium and phosphate 
a from the WiT- 

liams-Watennan Puntl tor i 

Diseases, ResearcE Corpomf.on, -^ew York. 


ions in e.\-cess of a critical product.^'^® Furth- 

1 Hmvjatul, J., and Kramer, B., Tr. Am. Fcdiat. 
Soc.. 1922, S-t, 201. 

- Shiplev, I’. G., Bull. Johns Hopkins Hasp,,. 
1921, 33, 304. 

3 Shipley, P. G., Kramer, B., and Howland, .1.- 
Bioehem. J., 3920, 30, 3T9. 



Re’.-ESSIBI.E IXACnv-.A-nOX of CALCSriCATiOX 


71 




TABIX 3T 
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* Specimens incubated in caleifving solution for lS-24 hr. 

Calcifring solution contains; 0.7 eq/L XaCl 

0.05 eq/L KCl 
0.22 eq/L XaHCOs 

CaxP product =[10 mg Cc Ca] [5 mg CJ pj — 50 , unless othcTTvise 
noted. 

i The degree of calcification is indicated as foU >ws: 0(0) 
broken thin line; l(-f-r 4 -) almost complete thin line across 
plete thin line across the provisional zone: 2(t — ■ — f- 


no calcification; 1 (- 
the provisional zone; 


-) tr.ace: l(-f-f) 
l(-f-f-f-f) com- 


the primarv tongues of cartilage; 3(-f-f + -r) heavv line across the provisional zone including the pri 

df-T--!--! — 1-t nractie.allv enninlete c.'ili’ifipfitimi nf matn 


marv and sc-condarj' tongues of c.artilage; 4( 
phvsis. 

i Calcifying solution same as that used previously (Table I). 
CaxP product kept constant at 10X5.0 = 50. 


) heavy line across the provisional zone including 
lit 

) practically complete calcification of the nieta- 


shovm in Table I, it was further reasoned 
that the reverse reaction should take place, 
by shaking with Ca~* ions of high strength. 
This actualh’- turned out to be the case as 
shotvn in Table I. The calcification was 
usually more extensive than in the untreated 
control sections. Further experiments showed 
that similar reversible inacti%"ation is possible 
by preliminaiy shaking with a high concentra- 
tion of NaCl, NaCl of physiological strength 
adjusted to a pH of 3, and to a smaller degree 
■with physiological saline adjusted to a pH of 
9.6. 

These experiments demonstrate that it 
is possible to reversibly inactivate calcification 
in vitro by electrolytes but do not prove that it 
takes place by competitive retardation. One 
can also explain these results as due to the 
simple removal of Ca** ions from the cell when 
shaking with calcium free solutions. In the 


reactivation step, these Ca^ ions are replaced 
so that subsequent calcification can proceed. 
That re\-ersible inactivation does not depend 
on the mere removal of (Ha'** ions was shown 
in the following experiments. I\Tien rachitic 
bone sections were shaken with 150 mE/L 
of CaClo in the presence of as little as 0.5 
mE/L of CuCl;, calcification ■was inactivated 
as shown in Table H. A\Tien the section ■was 
subsequentlj* shaken ■with the same concen- 
trati()n of CaCU in the absence of the CuCU, 
reactivatioin took place which again was more 
extensive than in the untreated control sec- 
tions. 

These e.xperiments indicate that Cu**- ions 
Combined reversibly with a necessaiy- portion 
of the calcifying s>-stem. They further sug- 
gest that an important step in calcification is 
the combination of calcium with some con- 
stituent of the bone cell, probably part of an 
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TABLE I. 

Influence of Alloxan Diabetes on Cliolestcrol Atheromatosis in Babbits. 
Group A Control Group — Basal diet and cliolestcrol in olive oil. 


Duration of 
BaWnt diabetes, diet, 
Xo. days days 

Terminal 
blood sugar, 
mg/100 CO 

Terminal 

blood 

cholesterol, 
nig/100 cc 

Body wt 

Atheromata 

Initial, 

g 

Final, 

g 

Gross 
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1080 

1790 

4 - 

4 * 

48-4 

58 


1120 

1060 

1535 

0 


4S-8 

72 


1025 

1500 

2225 

+-1-+ 

-h-i--)- 

48-10 

72 


1425 

1425 

1755 

A — h 

“i — h 

48-15 

72 


837 

1961 

2200 

+++ 

-h++ 

Avg 

54 

121 

959 

1212 

1670 



Avg of 


120 

141 


1212 



control 








values 








% change 


d-l 

+580 


+38 




sugar determination was performed. Blood 
cholesterol values were determined on each 
animal of this group before allosan injection 
and before sacrificing according to the method 
of Bloor, Pelkan and .Mien.- Those rabbits 
which manifested a blood sugar of 200 mg% 
or higher were accepted as diabetic. A total 
of 8 rabbits satisfying this criterion and show- 
ing persistent glycosuria for the duration of 
the experiment were thus obtained. 

Nine rabbits of similar strain, age, and 
original body weight were used as a control 
group. Blood sugar values were determined 
on 3 of these animals before beginning the 
diet and before sacrificing, and blood choles- 
terol ler'els were determined on all except 2 
animals at the same times. 

A third group consisted of 3 rabbits which 
had received 2 injections of alloxan and had 
manifested a temporary glycosuria and hNiier- 
glycemia, but the urines of which later be- 
came sugar free. 

For tlie cholesterol enriched diet, Pfansteil 
cholesterol suspended in olive oil to a concen- 
tration of 6% was added to Rockland Rabbit 
Ration in such amounts that each rabbit re- 
ceived between 0.3 and 0.6 g per day. 

All rabbits of the 3 groups were then fed 
this cholesterol enriched diet and animals from 
each group were sacrificed at various intervals 
after com mencement of the diet. Complete 

s Bloor, W. R., Pdkan, K. T., nnd AUmroT^, 
J. Biol. Clifm., 1922, .“S, Iftl. 


autopsies were performed, with especial at- 
tention being paid to the heart, aorta, and 
great vessels. The presence of atheromata in 
these organs is summarized in the tables. It 
may be mentioned here that the pathological 
changes with respect to the other organs were 
similar to those previously described for allox- 
an diabetes and cholesterol atheromatosis 
separately. 

Experimental observations. Table I sum- 
marizes the data on the control group. It is 
seen that there was a consistent increase in 
blood cholesterol values, the increase roughly 
paralleling the duration of the diet, and the 
average increase being approximately seven 
fold. The weight increase was also consistent. 
The item of chief interest is the fact that in 
all animals fed the diet 41 days or longer, 
there was gross or microscopic evidence of 
atheromata, the severity of the lesions rough- 
ly corresponding to the duration of the diet. 
The atheromata were in all respects similar 
to those previously described in this condition. 

In Table II are seen the summarized data 
on the diabetic animals. Among these the 
elevation in blood cholesterol was very irregu- 
lar, but the average is higher than the average 
for Group A, and in 3 cases it is considerably 
higher than that of any single rabbit in 
Group A. All of these rabbits e.xcept two 
(4S-26 and 48-27) lost weight. Much to 
our astonishment, when these animals were 
aulopsied, only one showed any evidence of 
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enzyme system. In a calcium free medium, 
calcium is removed and is probably replaced 
by one of the competing ions, Cu-^* ions may 
compete so avidly for this local constituent 
that they preferentially combine witli this 
factor even in the presence of large amounts 
of Ca*+ ions. On shaking mth CaCD solution 
free of the competing ions, the formation of 
the calcium complex is favored as an initial 
step to calcification. 

Summary. It was possible to demonstrate 
the reversible inactivation of calcification in 


vitro of the hypertrophic epiph 3 'seal cartilage. 
When rachitic bone sections are shaken mth 
strontium chloride, sodium chloride, calcifi- 
cation in vitro is inhibited. On subsequent 
shaking with -calcium chloride calcification 
in vitro takes place. In addition, inactiva- 
tion takes place with 0 mE of cupric 
chloride in the presence of ISO mE of calcium 
chloride. On subsequent shaking with ISO 
mE of calcium chloride (in the absence of 
cupric chloride) reactivation takes place. 

jReccivpd July 22, 1S49. P.S.E.B.lI., 1949, 72. 


The Influence of Alloxan Diabetes on Cholesterol Atheromatosis in the 

Rabbit.*! (17335) 

Henry C. IMcGill, Tr. and Russell L. Holman, 

From the Department of Pathology, Douisiana State Vnivcrsity School of Mctlicine and the 
Charity Hospital of Louisiana, Hew Orleans. 


It has long been suspected, largely on the 
basis of statistical studies, that humans suf- 
fering from diabetes mellitus develop arteri- 
osclerosis not only in greater numbers than 
do non-diabetics, but also develop it earlier. 
However, conclusive experimental ew'dence 
that diabetes enhances arteriosclerosis has 
been lacking. It seemed to us that it might 
be instructive to test the influence of alloxan 
diabetes in the rabbit, despite the fact that 
the relationship of both e.xperiniental entities 
to their human counterparts are poorW un- 


derstood. 

Methods. The general plan of the e.xperi- 
ment was as follows; 3 groups of rabbits, one 
trroup of which had been, made diabetic -m'th 
alloxan, were fed a cholesterol enriched diet; 
and animals from each group were e.xamined 
at intervals after commencement of the diet 


~»This ivork was aided Ly a grant from The 
John .md Mary E. Markle Founa.ntion. 

t S'nu'G preparation of this manuscript tlic re- 
sults of G h. Duff aud G. C. jrcJfillau (abstracted 
in Jm. Heart J., 1948, 30, 4G9) have come to our 
attention These results confirm and c.\-tcnd those 
presented in this paper in shoiving that .alloxan 
diabetes inliibits c.xperimenf.al cliolcstcrol .athero- 
sclerosis in the r.abhit. 


to see if there was any difference in the time 
of onset or character of the vascular lesions 
in the different groups. Young Dutch rabbits 
weighing from 900 to 1400 g were given intra- 
venous injections of allo.xan monohydrate 
(Eastman) amounting to 80 to IDD mg per 
kilo of bod\- weight daily for 2 consecutive 
dajts. Animals that were not diabetic on the 
third day were given similar injections on the 
third and fourth successive days. Although 
this method had been found in previous ex- 
periences with allo.xan to be very effective, 
nevertheless in this instance a large number 
of animals died either during the course of 
the injections or ■rn’thin a week thereafter. 
Onljr approximateh" one half of the animals 
developed diabetes and survived long enough 
to be of value in the e.xperiment. 

Blood sugar determinations were performed 
by the method of Somogjn,^ using a Klett- 
Summerson photoelectric colorimeter, both be- 
fore and after allo.xan injection. During the 
period of feeding the diet, the urines of the 
diabetic group were tested periodically with 
Benedict’s qualitative reagent, and just before 
each animal was sacrificed, another blood 

I Somoni, ir., .r. Diol. Chem., 194,5, 100. GI. 
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no atheromata and no reports of finding 
atheromata in alloxan diabetic rabbits have 
appeared in the literature. 

In discussion we would like to mention one 
obser\'ation concerning the food intake of 
these animals. It was noted soon after the 
beginning of the experiment that, contrary to 
previous experiences with regular diets in 
which diabetic animals consumed much more 
food than normal rabbits, these diabetic rab- 
bits did not eat the oily diet nearly so en- 
thusiasticalh' as did the controls. A greater 
amount of cholesterol had to be added per 
unit weight of ration to insure that each 
rabbit received at least 0.3 g daily. Facilities 
did not permit us to determine the exact daily 
consumption of each rabbit. The control 
animals, therefore, may have received some- 
what more cholesterol per day than did the 
diabetic animals, but it is certain that they 
did not receive more than twice as much. It 
is our opinion that the difference in intake was 
not sufficiently great to account for the verj- 


great difference in time of onset of atheromata. 

I^Tiatever the mechanism, and despite the 
above mentioned criticisms, we feel that these 
findings clearly indicate that under the con- 
ditions of this experiment alloxan diabetes re- 
tards in time and degree the development of 
cholesterol atheromatosis in the rabbit, and 
that it represents a conclusive demonstration 
that hj-percholesterolemia of itself does not 
lead to the formation of atheromata. 

Stnmmry. Allo.xan diabetic rabbits, when 
fed a cholesterol enriched diet, dev'eloped 
blood cholesterol levels much higher than did 
normal rabbits fed the same diet. Atheromata 
appeared consistently in controls (and also in 
alloxan injected, nondiabetic rabbits) after 
41 days on this diet, but only to a slight degree 
in one diabetic rabbit fed the same diet for 
98 days. There was no qualitative difference 
in the character of the lesions in the 3 groups. 

Received July 25, 1949. P.S.E.B.M., 1949, 72. 


Studies on the Pathogenesis of Experimental Necrotizing Arteritis.'^ (17336) 
Joseph H. McCormick and Russell L. Holman. 


From Ihc Department of Fathotogp, Louisiana State Vnirersitp School of Medicine and the 
Charity Hospital of Louisiana. Xcie Orleans. 


Previous studies from this laboratory^"* 
have shown that acute necrotizing arteritis can 
be produced with regularity in dogs by feed- 
ing a specified high fat diet for a period of 
8 weeks or longer then sacrificing them 
through renal damage. Three factors, time, 
diet and renal damage, seem to be essential in 
the production of these lesions. 

Jlethods have been published in detail pre- 
viously." Briefly these consist of feeding 
healthy adult dogs a high fat diet for a period 

•This work was aidea~b7ir^.ant from The 
Jolin and Mary R. JIarkle Foundation. 

1 Holman. R. L., Proc. Soc. Exp. Bioi.. and 
Med.. 194", 00, 307. 

2 IHdman. R. L., and Swanton, M. C., Proc. Soc 
E. xr. Biot.. AXD Med., 194G, C.T, 87. 

3 Holman, R. L., So. Ztcd. J.. 1949, 42, lOS 


of 8 weeks or longer, then sacrificing them 
through renal damage. The active “dietarj' 
factor’’ is found in cod liver oil but is ap- 
parently not unique to cod liver oil. The 
oil may be added to a kennel diet of unselec- 
ted table scraps or to a ‘‘standard diet", con- 
sisting of calves liver (raw wet weight), 32 
parts; cane sugar, 25 parts: com starch, 25 
parts; butter, 12 parts and cod liver oil, 6 
parts, with equal results. Renal damage has 
been produced by any one of 3 ways: 1) 
uranium nitrate subcutaneously; 2) mercuric 
chloride intrav'enously; and 3) bilateral ne- 
phrectomy; all equally effective. 

In all experiments to date, renal damage 
has been essential. To determine whether or 
not damage to tissues and organs other than 
the kidney would precipitate the arterial le- 
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• TABLE II. 

Influence of Allo.xan Diabetes on Cholesterol Atheromatosis in Babbits, 
(jroup B Diabetic Group — Sumc as control plus itiloxan. 


Babbit 

No. 

Duration of 
diabetes, diet, 
daj-s days 

Terminal 
blood sugar, 
nig/100 ce 

Terminal 

blood 

cholesterol, 
mg/100 ec 

Body wt 

Atheroraata 

Gross Micro. 

Initial, 

S 

Final, 

g 

47-7 

22 

18 

3G5 

503 

940 

763 

0 

Q 

47-12 

20 

20 

297 


1060 

550 

0 

0 

47-11 

31 

31 

279 

2000 

1213 

1175 

0 

0 

47-8 

41 

41 

268 

665 

1300 

550 

0 

0 

48-26 

43 

41 

205 

960 

1000 

1300 

0 

0 

48-27 

48 

48 

190 

349 

692 

1380 

0 

0 

48-11 

68 

65 

300 

2000 

1220 

650 

0 

0 

47-10 

98 

98 

319 

3820 

1010 

910 

-f 

+ 

Avg 

47 

46 

278 

1287 

1062 

910 


Avg of 



117 

132 


1062 



control 









values 









% change 


-fl38 

-f875 


—14 




TABLE III. 

Influence of Alloxau Diabetes on Cholesterol Atheromatosis in Babbits. 
Group C — Alloxan injected — non-diabetic. 


Babbit 

No, 

Duration of 
diabetes, diet, 
days days 

Highest 
blood sugar, 
mg/100 ec 

Terminal 

blood 

cholesterol, 
mg/100 cc 

Body wt 

Athcromata 

Initial, 

g 

Final, 

g 

Gross 

Micro. 

48-24 

? 

40 

180 

308 

1070 

1530 

4 * 

•f 

48-28 

? 

52 

230 

368 

910 

1570 

+-(-■(- 


48-3 

? 

69 

157 

672 

985 

1650 

++ 

+ + 

Avg 


54 

189 

469 

988 

1583 



Avg of 



120 

140 


988 



control 








values 








% change 


-(-58 

-1-235 


-fOO 







TABLE IV. 






Influence of Alloxan Diabetes on Cholesterol 

Atlicromntosis in Babbits. 



Summary of data on all rabbits fed diet for 40 days or lojigcr. 






No. with a theromata 





Group 


No. in group 

Percent positive 

A. 

Control 



7/8 


ss 


B. 

Diabetie 



1/5 


20 


0. . 

Alloxan injected, non-diabetic 

3/3 


100 



theromata — and this rabbit (47-10) had 
een fed the diet for 98 days. 

In Table HI are the data on the alloxan- 
ijected, non-diabetic animals, in which it 
; seen that they behaved as did the controls 

1 Group A. , . -j r 

Table IV summarizes the incidence ot 
theromata in all rabbits fed the high choks- 
erol diet for 40 days or longer. These fig- 
,res become even more impressive when one 
ecalls that the one diabetic animal had de- 


veloped only minimal lesions after 98 days 
on the diet. 

Discussion, In criticism it may be pointed 
out that the number of animals is verj' small 
and that there were no diabetic animals kept 
as controls. These defects were due to the 
difficulties encountered in inducing alloxan 
diabetes. However, m'th respect to the latter 
point, in previous e.xperiences by one of the 
authors with allo.xan diabetic rabbits several 
animals kept for as long as 1 1 months showed 
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tive day, each had about 300 cc of clear 
fluid in the peritoneal cavity; but neither dog 
had arterial lesions. Histological study of 
the kidneys showed early hemorrhage and 
necrosis about the angles of the calyces and 
earh' hydronephrosis. The collecting tubules 
were moderately dilated but the remaining 
tubules were remarkably well preserved. 

Discussion. These experimental obserx'a- 
tions reaffirm the importance of the kidney in 
the pathogenesis of arterial lesions. All of 
our results to date indicate that some de- 
rangement of renal function is prerequisite to 
the development of arterial lesions. Other 
workers'*'^ have produced arterial lesions with 
various types of renal insufficiency, but none 
of these workers has found it necessary to 
control the diet of his e.xperimental animals. 
Whereas, in our e.xperience, “standard renal 
insufficiency” alone resulted in “typical ar- 
terial lesions” in only 5 of 130 dogs (4%), the 
combination of “standard high fat diet” and 
“standard renal insufficiency” resulted in 
“typical arterial lesions” in 36 to 40 dogs 
(90%). This discrepancy between our re- 
sults incriminating a “dietary factor” and the 
results of others ignoring a “dietary factor” 
may, in part, be related to the definition of 
“typical arterial lesions”, for we do not con- 
sider some of the hemorrhagic lesions illustrat- 
ed in previous publications^’® “typical” of 
our experimental lesions which are predom- 
inately necrotizing in character and only oc- 
casionally associated with gross hemorrhage. 

If, as the above results indicate, “standard 
high fat diet” and “standard renal insuffi- 
ciency” are both necessary for the production 
of “t>'pical arterial lesions,” the problem sim- 
mers down to what role the kidney plays in the 
metabolism of the potentially noxious fatty 
substance or substances contained in the spe- 
cified high fat diet. During the 2 months or 
more of high fat feeding, the kidneys — and 

4 \S HitcititK, M. C., Myon, E., W'altcrs, L. L., and 
K.itzfiisO’iii. R., Talc Jiinl. ami Med., 1040, 12, 
023. 

r. Winlenit?.. M. C., .ind Katzcnstcin, R., Talc .T. 
Siol, and .tied., 1940, 

0 GfUatitstt, XI., JIoriT)/ Z>echire.e, 1937-38, 23, 
237. 


especially the epithelial cells lining the loops of 
Henle along ivith those of the distal portion of 
the proximal convoluted tubules — become dis- 
tended with sudanophilic material. This con- 
dition is still compatible with normal life, for 
the high fat diet can be fed indefinitely and no 
predictable changes in the vascular system 
are ever observed unless the kidne 3 's are 
damaged. Anytime after 2 months of such 
a diet “standard renal insufficiencx'” is regu- 
larW followed by “typical arterial lesions”. 
It can be surmised that the intact kidney 
elaborated something necessary for the me- 
tabolism of the noxious lipids and that when 
the kidney is severely damaged the no.xious 
lipids (or metabolic by-products thereof) pile 
up to “e.xplosive” levels as manifested by the 
arterial lesions. 

The factor common to all the methods used 
for the production of “standard renal insuf- 
ficiency” that have resulted in “typical arterial 
lesions” is massive “damage” to the proximal 
convoluted tubules in a relatively short period 
of time (massive coagulative necrosis with 
uranium nitrate and mercuric chloride and 
mass e.xclusion in the case of bilateral nephrec- 
tomy), The experiments reported in this 
paper show that severe damage to tissues and 
organs other than the kidneys does not precipi- 
tate arterial lesions in properN fed dogs and 
that bilateral ureteral ligation — despite de- 
grees of azotemia, phosphatemia, acidosis, and 
“uremia” corresponding to those produced by 
“standard renal insufficiency” — is likewise in- 
effective in precipitating arterial lesions in 
properly fed dogs. 

The simplest explanations that we have 
been able to formulate for these unanticipated 
findings are: (1) the proximal convoluted 
tubules elaborate something (lipase?) neces- 
sary for the proper utilization of certain lipid 
substances or (2) the integrity of the pro.ximal 
convoluted tubules is necessary for the neu- 
tralization of certain toxic substances (am- 
ines?). These hypotheses are based in large 
part upon the fact that six day's after bilateral 
ureteral ligation the epithelium lining the 
pro.ximal conx’oluted tubules is fairly well 
preserx-ed whereas six days after “standard 
renal insufficiency” this epithelium appears to 
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table I. 

Studies on the Pathogenesis of Experinicnta] Xeerotiziiig Arteri tis. 


Group 

Dog Ko. 

Period on 
standard 
diet before 
injury, rvks 

Type of 
injury 

Total 

dose 

Survival 

interval, 

days 

Termini 

NPX 

Group A 

47-41 

10 

Chloroform 

anesthesia 

28 hr 

20 

50 

Chloroform 

47-46 

9 

>> 

10 hr 

G 

6S 

Injury 

47-50 

9 

ff 

13 hr 

9 

50 

to 

liver 

47-74 

13 

ff 

12 hr 

7 

5* 

Group B 

47-73 

12 

Turpentine 

32 cc 

18 

37* 

Suppuration 

47- 64 

48- 94 

13 

14 

Peritonitis 

Cellulitis 


21 

3 

12* 

58* 

Group C 

49-34 

9 

Bilateral 

ureteral 

ligature 


G 

255*f 

Bilateral 

ureteral 

ligature 

49-35 

9 

f t 


C 

lG8*t 


Arterial 

lesions 


0 

0 

0 

0 


0 

0 

0 

f) 


0 


* Blood urea nitrogen instead of non-protein nitrogen, 
i Terminal blood serum phosphorus 21 mg per 100 ml. 

t Terminal blood serum phosphorus 13 mg per 100 ml and terminal blood carbon dio.'dde 
combining pon’er 38 volumes %. 


sions in properly fed dogs, the followdng two 
series of e-x-periments were undertaken: 

1) Chloroform hi fury to the liver. Four 
properly fed dogs (Table I, Group A) were 
subjected to light chloroform anesthesia for 
periods totalling 10-28 hours in 6-20 days. 
Marked liver injury was indicated by the 
appearance of jaundice and was confirmed by 
histological study of the liver. None of these 
4 dogs showed gross or microscopic lesions in 


the arterial system. 

2)' Suppuration (Table I, Group B). One 
dog (47-13) was given repeated subcutaneous 
injections of turpentine for a total dose of 
32 cc in 18 days. Two of the sterile abscesses 
broke doiro and each discharged about 100 
cc of sanguinopurulent material. The total 
white blood cell count rose progressively to 
45 500. At the time of autopsy there were 
12 subcutaneous abscesses estimated to con- 
tain a total of 400 cc of similar purulent ma- 
terial but no arterial lesions.^ 

The experimental induction of intestinal 
obstruction was attempted in two other dogs 
but neither operation accomplished its in- 
S.” purpose insreua, in one dog (47-M) 
the ligature (umbilical tape about 1 fwt 
above the ileocecal valve) cut through the 
bowel and the dog died with generalized peri- 


tonitis on the 21st day. In the second attempt 
(Dog 48-94) the small intestine about 2 feet 
below the ligament of Treitz, was divided be- 
tween ligatures and the closed proximal end 
was sutured into the subcutaneum of the ab- 
dominal wall. This proximal stump “blew 
out” and the dog died on the 3rd dax'^ with 
massive fecal contamination of the subcutan- 
eum (associated with cellulitis and fat ne- 
crosis) that extended from the hjTXigastrium 
to below the inguinal ligament. Despite the 
massive necrosis and suppuration no arterial 
lesions were found in either of these two dogs. 

Since severe renal damage has been a pre- 
requisite for the arterial lesions the follow- 
ing experiments were undertaken in an at- 
tempt to define more accurateli’^ what phase or 
part of “renal insufiicienc 3 ’” was responsible 
for the subsequent anatomical changes in the 
arterial system. 

Bilateral ureteral ligations. Under nembu- 
tal anaesthesia both ureters of 2 properly fed 
dogs (Table I, Group C) were doubly ligated 
and divided between ligatures at a level mid- 
wax” between the uretero-pelvic and ureto-x'csi- 
cal junctions. Each dog stopped eating on the 
2nd post-operatix'e day and each showed a pro- 
gressive azotemia, acidosis, phosphatemia, and 
“uremia”. At autopsy on the 6th post-opera- 
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TABLE I. 


Serual Behavior of Two Groups of ^tale Bats Tested in Opposite Phases of Diurnnl Liglst Cycle. 



Gronp 1 (N = 1-1) 

Group II (X=:13) 

Measure of sexual performance 

Tested in 
dark phase 

Tested in 
light phase 

Tested in 
light phase 

Tested in 
dark phase 

% of group copulating 

S5.7 

71.4 

23.1 

92.3 

% of group ejaculating 

7S.6 

64.3 

7.7 

92.3 

Avg frequency of copulation* 

9.3 

S.4 

S.3 

10.6 

Avg frequency of ejaculation* 

1.2 

1.0 

1.0 

1.3 

Avg seconfls delay before first 
copulation 

46.0 

66.0 

66.0 

40.0 


* Average frequencies based on performance of animals sbowing tlie response at least once 
in the test. 


marized in Table I, which is based upon the 
average performance of each group during 
tests 2 and 4. Comparable group differences 
were apparent in the first and third tests, but 
it seems preferable to restrict our attention to 
behavior occurring in the second test of each 
series because this allows for preliminary ad- 
justment to handling and testing during the 
particular phase of the light cycle that hap- 
pens to be involved. The 14 animals in Group 
I were observed during the dark phase of the 
cycle in tests 1 and 2, whereas for the 13 males 
in Group II the first 2 tests occurred in the 
middle of the lighted portion of the 24-hour 
period. Group I was by far the most active 
sexually. Rats tested during the dark phase 
of the cycle were more likely to copulate and 
to ejaculate than animals placed with females 
in the light phase. -And when coital behavior 
appeared it involved a higher frequency of 
intromissions and ejaculations in the case of 
the males tested during their “night.” Consid- 
ering only those animals that showed mating 
responses, the average latency, or delay pre- 
ceding initiation of sexual contact was shorter 
for Group I than for Group II. 

The time of testing was shifted by 12 
hours during the third and fourth tests, and 
as a result the performance of animals in 
Group II improved appreciably. The propor- 
tion of the group showing copulatori' re- 
sponses increased by 69.2%, and the number 
reaching the point of ejaculation rose from 
7.7 to 92.3%. The mean frequency of com- 


pleted copulations and ejaculations increased, 
and the average duration of latencies was re- 
duced. There is little doubt that most if not 
all of the increased sexual activity was due to 
changing the time of testing from the light 
to the dark phase of the diurnal light cycle. 

Theoretically it might have been anticipat- 
ed that the performance of Group I would 
deteriorate during the third and fourth tests, 
since at this time these animals were being 
tested during their “day.” Some decrease in 
activity did occur and all changes were in the 
expected direction, but tbe scores remained 
well above those recorded for Group II dur- 
ing the first 2 tests. WTien Group I rats were 
shifted from “night” to “day” tests, the pro- 
Tiortion of animals copulating at least once 
decreased, as did the percentage of the group 
achieving ejaculation. The average fre- 
quencies of copulations and ejaculations were 
similarly reduced, and the mean delaj^ before 
initiation of sexual responses grew appreciably 
longer. 

Discussiou. Comparisons of the performance 
of the 2 experimental groups in test 2 fully 
confirms the hypothesis that male rats are 
sexually more active during the dark phase 
of their light-dark cycle. Care was taken to 
hold testing conditions constant for all males, 
and the females used as stimulus objects for 
the two groups ivere equally active and recep- 
tive. The pronounced change in the behavior 
of Group II animals when their tests were 
shifted from the light to the dark phase of 
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be almost completely destroyed. If these 
experimental findings are confirmed and if 
our reasoning is valid, the identification of 
these h3T3otheticaI substances (lipases ?, 
amines ?) might help clarify the time-hon- 
ored relation of the kidney to arterial lesions. 

Summary. Previous studies have shorni that 
the combination of “standard high fat diet” 
plus “standard renal damage” resulted in 
typical arterial lesions in 36 of 40 dogs (90%). 
The data presented in this paper indicate: 
(1) “Standard high fat diet” plus damage to 
organs and tissues other than the kidney 
(chloroform injury to the liver, turpentine ab- 


scesses of siibcutaneum, and bacterial infec- 
tions) failed to produce arterial lesions and 
(2) “Standard high fat diet” plus renal in- 
sufficiency produced by bilateral ureteral liga- 
tion also failed to produce arterial lesions. 
These studies re-emphasize the importance of 
the kidney in the pathogenesis of necrotizing 
arteritis and indicate that azotemia per sc is 
not the “renal factor”. They suggest the 
possibility that the epithelium of the proximal 
convoluted tubules elaborates one or more sub- 
stances necessary for the proper utilization of 
certain lipid substances. 

Received July 25, 1949. P.S.E.B.Jt., 1949, 72. 
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Haven, Conn. 


Female albino rats usually come into estru.s 
and display their most active mating behavior 
during the night and animals maintained 
under artificial illumination with a reversed 
light-dark cycle become receptive during the 
solar day." The present investigation tested 
the hypothesis that a comparable rhythm of 
sexual responsiveness occurs in males of the 
same species. 

Methods. Twenty-seven adult, virgin males 
of the Sprague-Dawley strain were divided 
into 2 groups that were kept in different halves 
of a windowless room which was bisected by 
a black curtain. From 11 P.M. to 11 A.M. 
one half of the room was dark and the other 
was illuminated by 2 100 watt bulbs. From 
11 A.M. to 11 P.hl. the lighting conditions in 
the two halves of the room were reversed. For 
approximately 3 weeks before testing began 
and throughout the remainder of the expen- 
ment all animals lived under identical condi- 
tions save for the fact that for Group I it was 


This investig.ition .v.is supported by gr.ont 
m the Committee for Research in Problems of 
• National Research Council. 

Ball J., Comp. Psychol ilonogr., ^^3'. ^ 

®each, F. A., J. Comp. P-V^hol, li>3S. 20, 3aa. 


“day” from 11 P.M. to 11 .A.M. and for Group 
II this same period was “night.” 

The first 2 mating tests were conducted 
between the hours of 3 P.M. and 7 P.M. The 
tests occurred, therefore, in the middle of 
the “night” as far as Group I was concerned, 
and in the middle of the “day” for Group II. 
The third and fourth tests were made from 
3 .4.M. to 7 A.M., thus reversing the temporal 
placement employed in tests 1 and 2. Mating 
tests for each male were spaced 3 days apart 
to allow for complete recovery from effects of 
sexual exercise. The stimulus animals were 
spaj'ed, Sprague-Dawley females brought into 
heat by injection of estrogen and progester- 
one.! Methods of testing sexual behavior were 
the same as those employed bj- the senior 
author in previous studies.^ -A test lasted for 10 
minutes if there was no coital behavior, and 
for 10 minutes from the time of the first 
complete or incomplete copulation if either 
response occurred. 

Results. The e.xperimental results arc sum- 

\ The hormone prep.irations were generously 
supplied by Hr. Edward Henderson of Schering 
Corporation, Bloomfield, N. .1. 

a Beach, F. .A., J. Fxp. /.on}.. 1944, 07, 249. 
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TABLE I. 


Sexual Behavior of Two Groups of iSIale Rats Tested in Opposile Pliase^ of Piurual Liglit Crcle. 



Group I (Jf = 14) 

Group II 

(Xv=13) 

Measure of sexual performance 

Tested in 
dark phase 

Tested in 
light phase 

f 

Tested in 
light phase 

Tested in 
dark phase 

% of group copulating 

S5.7 

71.4 

23.1 

92.3 

% oi group ejaculating 

78.6 

64.3 

7.7 

92.3 

Avg frequency of copulation* 

9.3 

8.4 

S.3 

10.6 

Avg frequency of ejaculation* 

1.2 

1.0 

1.0 

1.3 

Avg seconds delay before first 
copulation 

46.0 

66.0 

66.0 

40.0 


* Average frequencies based on performance of animals showing the response at least once 
in the test. 


marized in Table I, which is based upon the 
average performance of each group during 
tests 2 and 4. Comparable group differences 
were apparent in the first and third tests, but 
it seems preferable to restrict our attention to 
behavior occurring in the second test of each 
series because this allows for preliminary ad- 
justment to handling and testing during the 
particular phase of the light cycle that hap- 
pens to be involved. The 14 animals in Group 
I were observed during the dark phase of the 
cj'cle in tests 1 and 2, whereas for the 13 males 
in Group II the first 2 tests occurred in the 
middle of the lighted portion of the 24-hour 
period. Group I was by far the most active 
sexually. Rats tested during the dark phase 
of the cycle were more likely to copulate and 
to ejaculate than animals placed with females 
in the light phase. And when coital behavior 
appeared it involved a higher frequency of 
intromissions and ejaculations in the case of 
the males tested during their “night.” Consid- 
ering only those animals that showed mating 
responses, the average latency, or delay pre- 
ceding initiation of se.xual contact was shorter 
for Group I than for Group II. 

The time of testing was shifted by 12 
hours during the third and fourth tests, and 
as a result the performance of animals in 
Group II improved appreciably. The propor- 
tion of the group shoiving copulatory re- 
sponses increased by 69.2%, and the number 
reaching the point of ejaculation rose from 
7.7 to 92.3%. The mean frequency of com- 


pleted copulations and ejaculations increased, 
and the average duration of latencies was re- 
duced. There is little doubt that most if not 
all of the increased se.xual activity was due to 
changing the time of testing from the light 
to the dark phase of the diurnal light cycle. 

Theoretically it might have been anticipat- 
ed that the performance of Group I would 
deteriorate during the third and fourth tests, 
since at this time these animals were being 
tested during their “daj'.” Some decrease in 
activity did occur and all changes were in the 
e.xpected direction, but the scores remained 
well above those recorded for Group II dur- 
ing the first 2 tests. IITaen Group I rats were 
shifted from “night” to “day” tests, the pro- 
portion of animals copulating at least once 
decreased, as did the percentage of the group 
achierdng ejaculation. The average fre- 
quencies of copulations and ejaculations were 
similar!3^ reduced, and the mean delay before 
initiation of sexual responses grew appreciablj' 
longer. 

Discussion. Comparisons of the performance 
of the 2 e.xperimental groups in test 2 fullj' 
confirms the hjqiothesis that male rats are 
se,xually more active during the dark phase 
of their light-dark cycle. Care was taken to 
hold testing conditions constant for all males, 
and the females used as stimulus objects for 
the two groups were equallj- active and recep- 
tive. The pronounced change in the behavior 
of Group II animals when their tests were 
shifted from the light to the dark phase of 
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the artificial light cycle is added proof of the 
greater sexual potency during the “nocturnal” 
hours. ' 

Female rats tend to come into heat during 
the night because of the associated rhythm of 
secretion of gonadal hormones. This rhythm 
in turn reflects the cyclic secretion of gonado- 
trophic hormones by the anterior pituitary, 
the functions of which are influenced by peri- 
odic increase and decrease in the amount of 
environmental illumination as well as con- 
comitant changes in external temperature. 
Regular fluctuations in hypophyseal activity 
also affect the secretory behavior of the thy- 
roid and probably of still other endocrine 
glands. As a result, the albino rat displays 
a diurnal rhythm of energy metabolism which 
begins to increase at approximately noon, 
reaches a maximum around 9 P.M. and pro- 
gressively declines to the next noon. If rats 
are placed under constant illumination and fed 
at frequent intervals, the metabolic rhythm is 
abolished.^ 

There is no reason to believe that the rat 
testis secretes androgen at significantly dif- 
ferent rates during different times of day, and 
even if it did so the behavioral response to 
alteration in the concentration of testicular 
hormone is too slow to account for the diurnal 
variations that characterize the male’s mating 
performance. The heightened sexual e.xcita- 
bility shown by male rats during the dark 
phase of the illumination cjxle probably is 
due to the nocturnal increase in basal metab- 
olism and to a consequent increase in respon- 
siveness to all kinds of exteroceptive stimula- 
tion. 

The se.xual activity of males in Group I 
decreased only slightl}'" when the time of test- 
ing was changed from the dark to the light 
phase of the 24-hour period. In all proba- 
bility the continued high level of responsive- 
ness was due to the effects of the first two tests 


rvhen these animals were mated during their 
“night.” In tests 1 and 2 the majorit}’ of 
Group I males gained a considerable amount 
of sexual e.xperience. They became accus- 
tomed to receiving receptive females in the 
observation cage and achieved orgasm as a 
result of the subsequent copulatory contact. 
The resultant conditioning “carried over” to 
tests 3 and 4 and tended to compensate in 
part for the lower reactivity that usually ob- 
tains during the “day” segment of the diurnal 
c^'cle. Unfortunatelj' it was necessary to 
begin the second series of tests within a week 
after the first series closed. An appreciably 
longer interval would probably have decreased 
the positive carry-over in Group I and pro- 
duced appreciabl}' lower sex scores for these 
animals when the}' were tested in the lighted 
phase of the illumination cycle. 

Conclusions. Twenty-seven sexually-ine.x- 
perienced male rats were maintained under 
artificial lighting conditions. The living cages 
were illuminated for 12 hours and darkened 
for a similar period. All animals were ob- 
served in mating tests witli receptive females. 
Males tested during the dark phase of their 
diurnal cycle were much more active sexually 
than others tested in the lighted half of the 
period. When 'tests -were shifted from the 
light to the dark phase, mating reactions in- 
creased promptly. In response to the reverse 
change sexual activity was reduced. Lower- 
ing of responsiveness which accompanied a 
shift from dark to light phase of the cycle 
was compensated in part by the effects of 
e.xperience gained during previous tests con- 
ducted in the dark phase. It is concluded that 
the male rat’s tendency to engage in sexual 
behavior is greater at night than in the day, 
and that the difference is probably due to 
the higher metabolic rate which characterizes 
the early nocturnal portion of the diurnal 
cycle. 


i JIurlin, J. E., Aim. T.cv. rUij.AoI., 19.39, 1, l.ifi. 
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Circulating Antibodies in Vitamin Deficiency States. Pantothenic Acid 

Deficiency.* (17338) 


Peter P. Ludovici, A. E. Axelrod, axd Bettixa B. Caster (Introduced bv 

Ralph R. Mellon.) 

From the Institute of Pathology, The Western Pennsylvania Hospital, and the Department of 
Chemistry, University of Pittshurgh, Pittshurgh, Pa. 


In a previous paper, vee have reported that 
pantothenic acid-deficient rats show a severe 
impairment of antibody response.^ This find- 
ing was in contrast to the observation of 
Stoerk, Eisen, and John that pantothenic acid 
deficiency did not affect the level of circulating 
antibodies.' We have attempted to explain 
this difference in results on the basis that the 
sheep erythrocytes employed by Stoerk et al. 
were a poorer antigenic stimulus for hemag- 
glutinin production in the rat than the human 
red blood cells employed by us. Differences 
in the immunization procedures were also 
noted. Stoerk, on the other hand, believes 
that this difference may be attributed to the 
fact that we were dealing with a relatively 
more severe pantothenic acid deficiency.® Our 
failure to utilize inanition controls for the 
pantothenic acid deficient rats, as well as the 
supposed inadequacy of •‘paired-fed” controls 
as contrasted with “paired-weighed” controls 
were also stressed by this author.®’'* Some of 
these points have already been discussed.® 

The present experiments were planned to 
determine the effects of varying degrees of 
pantothenic acid deficiency upon antibody 
production in the rat utilizing “paired- 
weighed" animals as inanition controls. 

Experimental. Fifty-eight male weanling 
albino rats of the Sprague-Dawley strain were 

• This invcstiR.'ition w;is supported in p.nrt I'.'" n 
jjrant from tiie Division of Ite.searcdi Grants and 
Fellowships of the X.-ition.-i! Institute of Health. 
U. S. Public He.-ilth Service. 

t Axelrod, A. E., Carter, B. B., JfeCoy, E. H.. 
.and Gi isinjter, R., Plioe. Soc. E.VP. Biot., axd 3fFf>., 
1047, 00. laT. 

estoerh. H. C.. Eisen, H. X., .nnd .lohn, H. -M-. 
,r. Kxp- -'fed., 1947, fCi, .in.o. 

a Stoerk. H- P- .Vidritfon Err., 1P4S, 0, ltd. 
r Stoerk. H- t’o Private communication. 

Axelrod. A. E., Carter, B. B.. and ?IeCov, 
R. 11.. .Viifrt'fion Iter., 1P4S, 0, a.H. 


distributed into 3 groups as indicated in 
Table 1. The animals were housed indiwdual- 
ly in wde-meshed, screen-bottom cages and 
weighed daily. Daily food consumption rec- 
ords were taken. .All rats were fed a basal 
diet of the following percentage composition: 
sucrose, 56.76; Labco “vitamin-free” casein, 
25.00: salts,® 4.00; cod-liver oil, 2.00; bt’dro- 
genated vegetable oil, 10.00; corn oil, 2.00; 
choline chloride, 0.20; 1-inositoI, 0.03; p- 
aminobenzoic acid, 0.01; and 2-methyl-l, 4- 
naphthoquinone, 0.001. .All rats received ad- 
ditional vitamins in the form of a daily pill. 
Each of the pills given to the control animals 
supplied the following vitamins; thiamin. 40 y: 
riboflavin, 60 -/; pyridoxine, 50 y; nicotinic 
acid, 100 y; biotin, 1 y; folic acid, 1 y; and 
calcium pantothenate, 300 y. For the panto- 
thenic acid deficient rats, calcium panto- 
thenate was omitted from the pill. The de- 
ficient rats were fed the basal diet ad libitum. 
However, each control rat was fed a restricted 
amount of the basal diet sufficient to maintain 
its weight equal to that of its pantothenic acid- 
deficient partner (paired-weighing). .After 3, 
5, and 7 weeks on e.xperiment, the rats of each 
group were immunized. ,A 10% suspension of 
washed Group O, Rh positive human erythro- 
cytes in physiological saline was injected intra- 
peritoneally as antigen. .An initial dosage 
of 0.5 ml of the red blood cell suspension was 
followed by 2 one ml injections on alternate 
days. Five days after the final injection the 
rats were bled from the heart under ether anes- 
thesia and the sera tested for agglutinin titers 
as described previously.* Immediately after 
bleeding, the thymus of each rat was removed 
and weighed. 

Results. The individual hemagglutinin titers 
are recorded in Table II. It is evident that 

Jones. J. H,, nnfl Fopt^r. J. Xvirition^ 3942, 

245 . 
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the artificial light cycle is added proof of the 
greater sexual potency during the “nocturnal” 
hours. 

Female rats tend to come into heat during 
the night because of the associated rhythm of 
secretion of gonadal hormones. This rhythm 
in turn reflects the cyclic secretion of gonado- 
trophic hormones by the anterior pituitary, 
the functions of which are influenced by peri- 
odic increase and decrease in the amount of 
environmental illumination as well as con- 
comitant changes in external temperature. 
Regular fluctuations in hypophyseal activity 
also affect the secretory behavior of the thy- 
roid and probably of still other endocrine 
glands. As a result, the albino rat displays 
a diurnal rhj'thm of energy metabolism which 
begins to increase at approximately noon, 
reaches a maximum around 9 P.M. and pro- 
gressively declines to the next noon. If rats 
are placed under constant illumination and fed 
at frequent inter\'als, the metabolic rhythm is 
abolished.'* 

There is no reason to believe that the rat 
testis secretes androgen at significantly dif- 
ferent rates during different times of day, and 
even if it did so the behavioral response to 
alteration in the concentration of testicular 
hormone is too slow to account for the diurnal 
variations that characterize the male’s mating 
performance. The heightened sexual e.xcita- 
bility shown by male rats during the dark 
phase of the illumination cycle probably is 
due to the nocturnal increase in basal metab- 
olism and to a consequent increase in respon- 
siveness to all kinds of exteroceptive stimula- 
tion. 

The se.xual activity of males in Group I 
decreased only slightly when the time of test- 
ing was changed from the dark to the light 
phase of the 24-hour period. In ail proba- 
bility the continued high level of responsive- 
ness was due to the effects of the first two tests 


when these animals were mated during their 
“night.” In tests 1 and 2 the majorit}’ of 
Group I males gained a considerable amount 
of sexual experience. They became accus- 
tomed to receiving receptive females in the 
observation cage and achieved orgasm as a 
result of the subsequent copulatory contact. 
The resultant conditioning “carried over” to 
tests 3 and 4 and tended to compensate in 
part for the lower reactivity that usually ob- 
tains during the “day” segment of the diurnal 
cycle. Unfortunately it was necessar}- to 
begin the second series of tests within a week 
after the first series closed. An appreciably 
longer interval would probablj^ have decreased 
the positive carry-over in Group I and pro- 
duced appreciablj’- lower sex scores for these 
animals when the}^ were tested in the lighted 
phase of the illumination cj'cle. 

Conclusions. Twenty-seven sexually-inex- 
perienced male rats were maintained under 
artificial lighting conditions. The living cages 
were illuminated for 12 hours and darkened 
for a similar period. All animals were ob- 
served in mating tests with receptive females. 
Males tested during the dark phase of their 
diurnal cycle ivere much more active sexually 
than others tested in the lighted half of the 
period. When ’tests were shifted from the 
light to tlie dark phase, mating reactions in- 
creased promptly. In response to the reverse 
change sexual activity was reduced. Lower- 
ing of responsiveness which accompanied a 
shift from dark to light phase of the cycle 
was compensated in part by the effects of 
e.xperience gained during previous tests con- 
ducted in the dark phase. It is concluded that 
the male rat’s tendency to engage in sexual 
behavior is greater at night than in the day, 
and that the difference is probably due to 
the higher metabolic rate which characterizes 
the early nocturnal portion of the diurnal 
cycle, 

RocV'ive<r .Tiu7'2771n¥n'^P.S.K.n..M., 1040. 72. 
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the antibod}'- response was decreased in the 
pantothenic acid-deficient rats of all groups. 
In no instance, did the titer of a deficient rat 
equal that of its “paired-weighed” control. 
The deleterious effect of a mild pantothenic 
acid deficiency is evidenced by the decreased 
titers of the animals in Group I which were 
on experiment for only 3 weeks prior to im- 
munization. This observation lends no sup- 
port to the explanation offered by Stoerk for 
the discrepancy in the findings of the two 
laboratories. The comparatively high anti- 
body content of the “paired-weighed” controls 
is further evidence against the role of inanition 
in the decreased antibody response of panto- 
thenic acid-deficient rats. 

In the course of further studies on the mech- 
anism of action of pantothenic acid we have 
determined the antibody response in 44 panto- 
thenic acid-deficient rats and 29 suitable con- 
trols. The results obtained are in excellent 


agreement with those recorded in this as well 
as in a previous paper.^ All of the evidence 
to date firmly implicates pantothenic acid as 
a vital factor in the antibody response to the 
antigenic stimulus of human er 3 ’^throcytes. 

The thymus weights of the pantothenic acid- 
deficient rats were lower than those of the 
control group (Table I). These findings are in 
agreement with those made by Stoerk ct al? 

Summary. ( I ) Hemagglutinin production in 
response to inoculation mth human erythro- 
cytes has been inv'estigated in rats fed a panto- 
thenic acid-deficient diet for 3, 5, and 7 weeks. 
“Paired-weighed” animals served as inanition 
controls. 

(2) Marked impairment of antibody re- 
sponse was observed in all pantothenic acid- 
deficient groups. 

Bcecived July 27, 1949. P..S.E,B.M., 1.949, 72, 


Selective XYZ Factor in C57 Black Mammary Carcinoma Eo771. (17339) 
Albert E. Casey, Gordon L. Ross, and R. Revae Langston 

From the Departments of Patholoflij of the Baptist Hospital of Atahama, and the Hedical 
College o) Alabama, Birmingham, Ala.* 


The XYZ phenomenon may be defined as 
the increased incidence and more rapid incre- 
ment of local and metastatic transplanted 
tumors following the prior injection in the 
same or distant sites of an extract from the 
homologous tumor.^"* The factor in the 

* The work w.ns aided by grants from the 
.American Cancer Society and the Damon Runyon 
Fund through tlie C'oinniittcc on Growtli of the 
National Research Council. The assistance of 
Joe Norman, Bruce A, Elrod, Robert C. Rea, 
Erma E. Salter, Gertrude Hampton, Irene Ilarts- 
field. Betty Baker, Russell Easter, and Ward 
Talley of the laboratory staiT of the Baptist Hos- 
pital in the care of the animals, recording of data 
and preparation of histologic material is acknowl- 
edged with thanks. 

1 Casey. Albert E., Paoc. Soc. Exn. Bioi.. ani> 
Mei).. 1932. 29, SIO. 

2 Casey, .Albert E., Am. ,7. Cancer, 1934, 21, 760. 

3 Casey, Albert E., Am. .7. Cancer, 19.34, 21, 776. 


Brown-Pearce rabbit tumor responsible for 
the phenomenon is selective, filtrable (Berke- 
feld “V”) and thermolabile (56°C);^’ that 
in Bashford mouse mammary carcinoma 
is likewise highlj' selective or specific.*®"’- 

■t Casey, Albert E., Cancer Scscarch, 1941, 1, 
134. 

3 Casey, Albert E., Am. J. Cancer, 1930, 20, 276. 

0 Casey, Albert E., and Moragues-Gonzales, Vin- 
cent, Am. J. Cancer, 1940, S8, 59. 

1 Casey, Albert E., Meyers, Lueille, and Drys- 
dalc, George R., 1948, 09, 570. 

sn.aaland, Jt., Prnc. Boy. .Hoc. London, 1910, 
82, 293; Lancet, 1910, 1, 787. 

»Lcitch, A., Lancet, 1910, 1, 991. 

to Casey, Albert E., Proc. Soc. Exp. Biol, and 
Mrj>., 1933, SO, 074. 

ti Casey, Albert E., Proc. .Soc. Exp. Biol, and 
Med., 1933, SO, 1025. 

>2 Casey, Albert E., Prop. Sot. E.xp. Biol, and 
Med., 1934, 31, 603. 
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TABLE I. 

Summary of Growtli, Food Consumption, and Thymus Weight Data.* 


Bodj' wtf 


Type 

No. of 
rats 

/ 

Initinl 


TloTTiust 

Daily food 
consumption t 

Control 

10 

Group I* 
42 

83 

195 

4.4 

Pantothenic acid-deficient 

10 

42 

84 

116 

4.8 

Control 

10 

Group II* 
43 

83 

140 

4.0 

Pantothenic acid-deficient 

10 

43 

84 

78 

4.4 

Control 

9 

Group III* 
42 

94 

90 

3.9 

Pantothenic aeid-defieient 

9 

43 

90 

09 

4.7 


* Groups I, II, III yere fed basal diet 3, 5, and 7 weeks respectively prior to immunization 
t Group average in g. 
i Group average in mg. 

§ At the time of bleeding. 


Table II. 

Individu.al Hemagglutinin Titers. 


TITERS 

Croup I* 

Croup 11^ 

Croup III‘ 




1 -2560 

- 

oo 


12$0 

oo 

oo 

ooooooo 

640 

- oo O A 

o oo o 

oo A A 

320 

- o O O A A 

A 


160 

r O A 

OO 


SO 

r O 



40 

A A 

AAA 


20 

j 



10 

- 


A 

0 

i- AAAA 

AAAAAA 

AAAAAA 


* Groups I II, III 
spcctivelv, prior to immunization. 
V-v^Control nnimnls. . 

2 Pantothenic acid-deSciont ammals. 
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TABLE I. 

Experiments with XYZ Factor from Mammar;- Carcinoma Eo771, Esing C57 Black Mice. 


Injection of XYZ factor 

Data on tumor transplantation and growth 


Origin of 

XYZ 

. Stoi 

•ed 

Days 

prior 

r 

Tumor and 
its origin 

Host 

mice 

Total 

mice 

Grew 

tumor 


M, 

\ 

Sx*'* 

Days 

Temp. 



A. Heterologous XYZ and Heterologous Host. 




Eo771 57bl 

45 

o°r 

34 

15091a A 

57bl 

10 

0 

0.00 

0.00 

0.0 

Controls 




15091a A 

57bl 

9 

0 

0.00 

0.00 

0.0 



B. Heterologous XYZ and Homologous Host. 




Ba. Ca. C3H 

337 

o°r 

16 

Eo771 57bl 

. 571)1 

• 10 

9 

23.70 

2.37 

108.5 

Controls 






10 

in 

26.90 

2.69 

102.2 

Eo771 .571)1 

45 

0°F 

43 

241-5 57bl 

57bl 

10 

5 




Eo771 571)1 

45 

O'F 

43 

241-5 57bl 

57bl 

8 

2 

15.42 

0.86 

50,5 

Controls 




241-5 571)1 

571)1 

8 

6 




Controls 




241-5 57bl 

57bl 

10 

3 

57.31 

3.18 

469.0 

E0771 57bl 

45 

0°F 

50 

241-16 57bl 

57bl 

8 

4 

10.14 

1.27 

85.0 

Controls 




241-16 57bl 

57bl 

20 

12 

36.52 

1.83 

216.8 

241-5 57bl 

68 

n^F 

10 

Eo771 57bl 

57bl 

9 

7 




241-5 571)1 

08 

O^F 

• 10 

Eo771 57bl 

57b\ 

9 

8 

G5.3G 

4.36 

450.3 

Controls 




Eo771 57bl 

57bl 

10 

6 




Controls 




Eo771 57bl 

57bl 

10 

10 

74.64 

3.73 

459.5 

241-5 571)1 

GS 

O'F 

34 

Eo771 57bl 

57bl 

9 

5 

10.38 

1.15 

23.8 

Controls 




Eo771 57bl 

571)1 

9 

8 

17.18 

1.91 

58.4 

Summary XYZ injected animals 



63 

40 

124.94 

1.98 

723.3 

Summarv controls 





77 

55 

212.65 

2.70 

892.0 



C. Homologous XYZ and Homologous Host. 




Eo771 571)1 

45 

0°F 

25 

Eo771 57bl 

57bl 

9 

9 




Eo771 571)1 

45 

0°F 

25 

Eo771 57bl 

57bl 

10 

10 

135.37 

7.12 

1352 0 

Controls 




Eo771 57bl 

57bl 

10 

6 




Controls 



• 

Eo771 57bl 

57bl 

8 

8 

52.86 

2.94 

302.4 

Eo771 571)1 

28 

0°F 

18 

Eo771 37bl 

57bl 

10 

10 

63.44 

6.34 

472.5 

Eo771 571)1 

28 

0°F 

19 

Eo771 57bl 

57bl 

10 

9 

4.98 

0.50 

3.9 

Controls 




Eo771 57bl 

57bl 

9 

7 

4.25 

0.47 

3.5 

Controls 




Eo771 571)1 

571)1 

8 

8 

25.72 

3.22 

110.1 

Summary XYZ injected animals 



39 . 

38 

203.79 

5.23 

1828 

Summary controls 





35 

29 

82.83 

2.37 

416 


urement in each of the 12 experiments, the 
measurements used were the last series taken 
before thefirst animals of either test or control 
groups died from the tumor. The tumors 
employed were Eo771, 241-5, and 241-16, 
mouse mammary carcinomata, of C57 black 
origin; Barrett mammarj' carcinoma of C3H 
origin; and 15091a mammary carcinoma of 
Line A origin.! In each experiment Eo771 
was used either as the source of the XYZ 
material or as the source of the tumor tissue, 
or both. 

t The mouse tumors were oht.oincd through the 
oourtesy of various persons: Eo771 and 15091.a 
from Dr. George D. Snell of Bar Harhor, Maine, 
241S and 241-10 from Dr. Howard B. Andervont, 
Dr. Thelma Dnnn and Dr. Harold L. Stewart, and 
the Barrett carcinoma from Dr. M. K. Barrett, 
and C.">7 hlack mammary carcinoma 7.05 from Dr. 
Edwin D. Murjdiy, all of Bethesda, Md. 


Since Eo771, 241-5 and 241-16 originated 
in C57 black mice, such mice were considered 
“homologous hosts” when any of the 3 tumors 
was transplanted into them. On the other 
hand 15091a (of Line A origin) transplanted 
in C57 black mice, was said to have been 
inoculated into a heterologous host. 

The XYZ material, if from a different 
tumor than that transplanted, was said to be 
heterologous, even though originating in the 
same anatomic site in the same inbred strain 
(f.c. 241-5, 241-16 and Eo771 in C57 black 
mice). Ex-periments with another mammarjr 
carcinoma Xo. 755 originating also in C57 
black mice’® are now in progress. 

The XYZ material was prepared by plac- 
ing fresh aseptically removed tumor tissue in 

Kajihm, Henry S., and Murphy, Edwin D., 
•T. Xot. Cnnrrr Tnxt., 1049, 1), 407. 


84 


Selective Factor in Majijiary Carcinoma 


Brown-Pearce and Bashford tumor tissues 
aseptically removed from the host, frozen 
immediatelj'^ and kept frozen at 0-24°? until 
the cells are no longer viable uniformly con- 
tain the respective XYZ factors in great quan- 
tity; cultures for bacteria have been ster- 
j]g8,8,i3 Brown-Pearce tumor tissue 

has been free from Virus III, rabbit pox and 
other known virusesd** No reaction appears 
at the site of single or repeated injections of 
the XYZ materials. Similarly prepared ex- 
tracts of normal tissues or of other tumors 
even in the same species when injected prior 
to transplantation of Bashford 63 or the 
Brown-Pearce tumor have not elicited the 
XYZ phenomenon.®'^®'^® 


man, and Woodworth are a great improvement 
in the study of the XYZ factors. 

The present communication reports ex- 
periments by us m'th Eo771 and correlates 
our results with those preriously obtained by 
Snell, Cloudman, and Woodworth. 

Material and methods. The animals were 
250 CS7 black mice received from Canvorth 
Farms, New City, New York over a period 
of one year in batches of 40 (animals of each 
batch of same sex). On receipt the animals 
were placed in metal self-feeder mouse bo.xes 
10 to a box, and alternate boxes marked “con- 
trol” and “experimental” respective!}’. The 
animals were allowed from 1-4 months to ma- 
ture and become adjusted to the new environ- 


Recently Snell, Cloudman, Failor, and 
Douglass,^® and Snell, Cloudman, and Wood- 
worth^" have reported similarly planned ex- 
periments using inbred strains of mice. Their 
data indicate to us enhancement of homo- 
logous tumor growth entirely acceptable to 
the above definition of the XYZ phenomenon 
by factors present in C57 Black mouse mam- 
mary carcinoma Eo771 and Line A mouse 
mammary carcinoma 15091a. Their technic 
consisted in freezing and storing the tumor 
tissue with lyophilization as an added routine 
procedure. Lyophilization has been found to 
be an effective method of storing 'the XYZ 
factor from the Brown-Pearce tumor.^* Des- 
iccation after freezing of the Brown-Pearce 
tumor by the methods current in 1930, re- 
sulted in some loss in the potency of the XYZ 
factor,^ and the more modern lyophilization 
methods such as those used by Snell, Cloud- 

13 Drysclale, George R., and C.isey, Albert E., 
Pboo. Soc. Exp. Biol, axd Med., 1948, 09, 306. 

11 Pearce, Louise, and Casey, Albert E., 10.3.3 
(unpublished experiments, The Eoekefeller Insti- 
tute for Medical Ec,scarch). 

ir. Casey, Albert E., Pxoc. .Soc. Exp. Biol, and 

MED., 1939, 42, 731. , „ 

1C Snell, George D., Cloudman, Arthur M., 
Failor, E., and Douglass, P., J. ttat. Cmccr /n.vt.. 


^^l^Snell, George D., Cloudman, Arthur M., IVood- 
xvortb, EUz., Cancer Hcscarcli, 1948, 8, 429. 

isDrrsdale, George R., Ross, Gordon D., Sk.,P 
per, Ilmvard, Edwards, P. C., and Casey, Albert 

E., unpublished experiments. 


ment. The animal quarters were air condi- 
tioned throughout the year, temperature set 
at 70°F and humidity at “ideal.” Some 8 
experimental and 9 control mice died of in- 
tercurrent disease over an average 6-S months 
observation period (loss 6.8%) and usually 
before experiments were initiated. Since the 
diagnosis in each tvas checked by necropsy 
and histologic e.xamination these IS mice 
were eliminated from the series. In no in- 
stance did injection of XYZ material lead to 
local infection or abscess. Except in 2 e.x- 
periments (40 mice) no evidence of infection 
appeared at the sites of tumor transplanta- 
tion. In the 2 e.xperiments above mentioned 
abscesses (4-5 mm in diameter) appeared at 
the site of tumor transplantation in about 
30-40% of control as ivell as experimental 
animals. In each instance transfer had been 
made from a large growth having considerable 
necrosis. The number of takes in the 2 ex- 
periments was less than normal, although good 
tumors eventually grew’ from most of the 
animals. No animal died because of the 
intradermal abscesses, and all lesions were 
healed for the most part by 1 5 days. 

There were 12 separate e.vperiments with 
equal numbers in control and e.xperimental 
series with one exception in which there were 
20 controls instead of the usual 10 (Table I). 
Measurements of the tumors in 3 dimensions 
in the controls and e.vperimental animals were 
made concomitantly at inten-als after inocu- 
lation of the tumor tissue. Although the 
trends remained uniform from the first mens- 
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TABLE II. 


Other Experiments with C57 Biack Monse Mammary Carcinoma EoTTl. (Data abstracted and rear- 
ranged from the paper by Snell, Cloudman, and ‘Woodwortliit to correspond with the format in Table I). 


Injection of XYZ factor 


Data on tumor transplantation and grorvth 

r 

Origin of 
XYZ 

stored 

1 

Days 

prior 

r 

Tumor and 
its origin 

Host 

mice 

Total 

mice 

Died, 

tumor 

Maximum mean 
tumor size, sqem 

Days Temp. 


A. 

Heterologous XYZ and heterologous host. 



Eo771 57bl 

7 lyoph. 

8-12 

G1498 a7bl 

571n 

6 

4 

5.53 

Eo771 57bl 

9 yj 

( 

8-12 

C1498 57bl 

571n 

10 

3 

0.30 

L94G 57bl 

? 

8-12 

Eo771 57bl 

57hi 

10 

10 

9.82 

Controls 



C1498 57bl 

571n 

10 

0 

0.65 

f> 



C1498 57bl 

571n 

10 

G 

1.94 

} J 



C1498 57bl 

571ii 

10 

7 

7 

f f 



C1498 57bl 

571n 

10 

7 

9 

}} 



Eo771 57bl 

571n 

8 

s 

12.99 

Summary 

XYZ injected animals 



26 

17 

5.17 

Summary 

controls 




48 

28 

4.64 


B. Heterologous XYZ and homologous host (no experiments reported), 



C. Homologous XYZ and homologous host (no experiments reported), 



D. 

Homologous XYZ and heterologous host. 



Eo771 5Tbl 

7 lyoph. 

8-12 

Eo771 57bl 

57bi 

10 

8 

3.26 

Eo771 57bl 

9 JJ 

8-12 

Eq 771 57bl 

oTbred 

10 

0 

0.25 

Eo771 57bl 

? 

15 

Eo771 57bl 

C58 

15 

15 

4,97 

Eo771 57bl 

9 JJ 

8-12 

Eo771 57bl 

058 

10 

7 

2.31 

Eo771 57bl 

7 " 

8-12 

Eo771 57bl 

BAlbC 

12 

3 

0.17 

Eo771 57bl 

? 

S-12 

Eo771 57bl 

BAlbC 

12 

S 

5.94 

Eo771 57bl 

« 1 > 

8-12 

Eo771 57bl 

BAlbC 

9 

7 

3.90 

Controls 



Eo771 57bl 

571n 

5 

3 

4.25 

^ * 



Eo771 57bl 

57brcd 

10 

0 

0.13 




Eo771 57bl 

C58 

14 

O 

0.24 




Eo771 57bl 

058 

10 

0 

0A3 




Eo771 57bl 

BAlbC 

12 

0 

0.42 

* * 



Eo771 57bl 

BAlbC 

10 

0 

0.44 

Summary XYZ injected animals 



78 

48 

3.09 

Summary 

controls 




01 

5 

0.60 


larging tumors among 48 controls (58%). 
This difference in incidence was not signifi- 
cant (X- = 0.356; n = 1; P =; 0.6, not sig- 
nificant). The average size of the tumors in 
the 26 heterologous XYZ injected mice was 
5.17 sq cm as compared ndth 4.64 sq cm 
among the 48 controls. The difference 0.53 
±1 0.47 sq cm was not statistically significant. 

IVTien the data for heterologous XYZ in- 
jected animals of Tables I and II with their 
respective controls were combined there were 
57 progressively enlarging tumors among 99 
heterolopus XYZ animals (58%), and 83 
progressively enlarging tumors among 134 
controls (62%). The difference was not 
statistiailly significant. The mean size of 
the tumors in the two groups was almost 
identical and the data of Snell, Cloudman and 
lYoodworth and ours are in entire agreement. 
To us the data indicates that heterologous 
XYZ material has no appreciable effect on 


transplanted tumor growth in either homo- 
logous or heterologous hosts. 

In 7 experiments 48 of the 78 mice injected 
with homologous XY’^Z material by Snell, 
Cloudman, and Woodworth had progressively 
enlarging tumors (62%) as compared with 
5 tumors among 61 control mice (8%). This 
difference was statistically significant (X- = 
40.4;n = 1; P = 0.0001 — significant). The 
tumors among the 78 experimental mice 
averaged 3.09 sq cm and among 61 con- 
Uols 0.60 sq cm. The difference 2.49 d= 0.34 
sq cm was statistically significant (t = 4.3; P 
— 0.0001 — ^significant) . The key to the puz- 
zle would seem to be the use of homologous 
XYZ material, and with such material hetero- 
logous inbred hosts were not always resistant 
to tumors of foreign strain origin. 

In the e.xperiments summarized in Tables 
I and II cross XYZ reactions were studied 
among 5 neoplasms of C57 black origin, and 
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the deep freeze chamber at 0°F and keep- 
ing it there for 28-337 days. In each instance 
a portion of the tumor tissue to be frozen 
was tested for viability by routine transfer. 
Each tumor for XYZ or for transplant was 
verified by histologic examination, using the 
blind check method for tumor identification. 
241-S and 241-16 were quite similar histo- 
logically and cage records were necessarj' to 
differentiate between them. 

Since the Brown-Pearce and Bashford 63 
XYZ factors withstand storage in the cold 
for at least a year and since a single injection 
leaves prolonged hypersusceptibility to the 
same tumor, some latitude was exercised in 
the storage (45-337 days) and interval be- 
fore reinoculation (10-50 days) in the Eo771 
experiments (Table I). The measurements of 
the transplanted tumor were made on the 
same day for both control and test mice, using 
calipers. The “volume” was the product of 
the caliper diameters in 3 dimensions. Al- 
though this introduced a considerable error 
when checked by weight of the tumors it gave 
a uniform value for both test and control 
animals. 

The XYZ material and the tumor tissue 


logous XYZ and homologous host; C. Homo- 
logous XYZ and homologous host (Table I). 
In no instance did a heterologous XYZ ma- 
terial produce an XYZ effect in either 
a heterologous or in a homologous 
host (A and B, Table I). The sum- 
marized material indicates that 40 of the 63 
heterologous XYZ injected animals (63%) 
had progressive!}’- enlarging tumor growths 
with an average size of 1.08 cc whereas 55 of 
the 77 control mice (11%) had progressively 
enlarging growths which averaged 2.76 cc 
(the difference = 0.78 ± 0.42 cc; t = 1.9; 
n = 138; P = 0.06, not significant). This 
difference wmuld indicate that the heterologous 
XYZ material produced a statistically insig- 
nificant inhibition of tumor growth. Like- 
wise there was an insignificant inhibition of 
the incidence of transplanted tumors among 
the XYZ animals (X- = 0.99; n = 1; 
P = 0.4, not significant). The mean tumor 
size when the data for the Barrett carcinoma 
experiment was eliminated was 2.77 cc for 67 
control mice as compared with 1.91 cc for 
53 heterologous XYZ injected mice. The 
difference 0.86 ±: 0.45 cc is suggestive of an 
inhibition. 


for transplantation were prepared for inocu- 
lation by mincing and grinding in a mortar 
and diluting wdth normal saline ( 1 part tumor 
and 3 parts saline) . In the last 2 experiments 
(Table I) Penicillin G sodium (30,000 units 
cc) buffered with sodium citrate (Lederle) 
was used as the diluent in the place of normal 
saline. 0,1 to 0.15 cc of the emulsion of the 
frozen XYZ or of the fresh tumor tissue as 


the case might be, was inoculated subcutan- 
eously into die left groin. 

A necropsy with histologic examination of 
lungs, heart, liver, and primary inoculation 
site and other selected tissue was made on 
each of the 250 mice. Because of the rapid 
growth of the tumors experiments in which 
the animals w’ere transplanted with Eo771 
were terminated at 15-30 days, whereas e.x- 
periments with 241-5 and 241-16 were not 
terminated before 40-70 days depending on 
when the first animal died. „ . , . , 

Results. The results are presented in tabular 
form under 3 categories, namely: A. Hetero- 
logous XYZ and heterologous host; B. Hetero- 


In contrast to the above data the 39 animals 
injected with homologous XYZ into an homo- 
logous host had 38 progressively enlarging 
primary tumors (97%) as compared, with 29 
progressively enlarging tumors among the 35 
control mice in the 4 experiments (83%). 
The tumors averaged among the 39 XYZ 
injected animals 5.23 cc as compared with 
2.37 cc among the 35 controls. The difference 
2.86 d: 0.84 cc is statistically significant (t = 
3.4; n = 72; P = 0.01 — significant). 

Discussion. In order to provide a basis for 
comparison wdUi present results, the data of 
Snell, Cloudman, and B^oodworth’" pertain- 
ing to Eo77I has been abstracted and rear- 
ranged in the manner of the present e.xperi- 
ments (Table II). This data includes obser- 
vations on 213 inbred mice in which either 
Eo771 XYZ or Eo77I tumor transplants or 
both were used. There were three e.xperi- 
ments with heterologous XYZ in heterologous 
hosts. The 26 Xli’Z injected animals had 17 
progressively enlarging prinian' tumors 
(65% ) as compared with 28 progressively en- 
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ed hosts, so long as the tumor cells T.vere via- 
ble in the foreign host. 

■ 3. XYZ factors have thus far been proven 
for only 4 transplanted neoplasms of mice and 
rabbits all -of which are Grade III- IV by his- 


tologic grading. No such factors have been 
obsers’ed in adult tissues, leukemias, benign 
and low grade tumors. 

Received .July 27, 1949. P.S.E.B.M., 1949, 72, 


/« vitro Determination of Bacterial Sensitivity to Aureomycin. (17340) 

Paul JI. Beigelman (Introduced by L. A. Rantz.) 

From Depariment t>f Medicine, Stanford University ScJiooI of Medicine, San Francisco. Calif. 


Results of aureomycin sensitivity studies of 
various microorganisms have deviated greatly 
from one another as reported bj' different 
laboratories. This has been best exemplified 
b%' wide divergences in the reported sensi- 
tivities of staphylococci to this agent. Paine 
and associates^ employing both tube dilution 
and plate methods, noted that 22 strains of 
S. anrctis required I to 2 fig of aureomycin per 
ml for inhibition. The 5 remaining strains 
were inhibited by higher concentrations of the 
antibiotic, ranging up to 12.5 /ig per ml. The 
type of media used was not described. Price 
and collaborators* reported 5. aiirais to be 
inhibited by a range of .09 to 25 /ig of aureo- 
mycin per ml. The determinations were made 
following incubation of the organisms in peni- 
cillin assay broth for 24 hours. Bryer and 
associates^ stated that 0,6 pg of aureomycin 
per ml inhibited staphylococci. Their report 
contained no statement about the method of 
determination. Twenty-one strains of this 
group of organisms tested by Lankford and 
Lacy** were inhibited by .05 to 0.2 pg of 
aureomycin per ml. Bacto-tryptose agar was 
the medium employed. With a tryptose broth 
turbidimetric method and 50% inhibition of 
growth in 18 hours as the end-point, the most 

1 I'hUip, T. F„ Coltius. II. S., ami Finlaml, 

■r. Fact., 194S. r>6, 4S9. 

2 Price, O. IV.. Raiid-all, W. A,, nml Welch, H., 
Ann. Xrw Yorl: .lend. .S'ci.. 194S, ,"1, 211, 

•^Ilryer, >1. S.. Schoenh.'ich, E. B., Cliamllcr, 
C. A., Bliss E. A., amt Long, P, II.. J.A.M.A., 
194S, UW. 117. 

r Lankford, C. E., .and I.i.'icy, H., Tcj'as Sep. 
Riot. .1/rd.. 1949, 7. HI. 


sensitive strain was inhibited by .012 pg of 
aureomycin per ml and the most resistant by 
.033 pg per ml. 

This study is an investigation of possible 
causes for discrepancies in the results obtained 
by others. In addition, a search has been 
made for a simple and reliable method of de- 
termining bacterial sensitivity to aureomycin. 

Methods. Gronlh cun'es of S. aureus, en- 
terococcus, 5. panama, and E. coli were de- 
termined by a turbidimetric method, O.l ml 
inocula of 18 hour broth cultures were added 
to 18 mm test tubes containing 10 ml of tryp- 
lose broth (Difeo). .Aureomycin crystals were 
dissolved in cold sterile distilled water, diluted 
in tryptose broth, and added to the system im- 
mediately.* The final concentrations were .01, 
.02, ,05, 0.1, 0.2, 0.5, 1, 2, 5, and 10 pg per 
ml. .A control tube -srithout aureomycin was 
included in each determination. The cultures 
were incubated at 37°C and the turbidity was 
measured in a Coleman Junior spectophotom- 
eter with a 650 m filter. Values of less 
than 0.1 unit of optical density indicated 
marked bacteriostasis and were chosen as 
end-points. 

Tryptone glucose extract agar with para- 
aminobenzoic acid (Difeo) was the medium 
used for the plate method. .Aureomycin was 
incorporated in this medium in final concen- 
trations identical -with those described above 
plus 20 and 50 pg per ml. and IS hour broth 
cultures were streaked on the plates. Read- 
ings were made at various intervals of time, 

• J^olutinns of aureomycin in water retained full 
|•otcncy if stored in the fror.en state. 
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the reactions in a sixth are now being tested 
(mammary carcinoma 755). Four of the 6 
are mammary carcinomata of C57 black orig- 
in. (15091 of Line A origin, and Barrett 
carcinoma of C3H origin are also mammar3f 
carcinomata). If the XYZ material be of 
cellular origin it must be a permanent chemical 
mutation not present in the other mammary 
tissues and tumors of the same inbred strain. 
It must be perpetuated ad infinitum in the 
specific cells, but in no other and must exert a 
powerful influence on the continued trans- 
plantabiltiy and growth of the specific cells. 


If the XYZ material be an inert contaminat- 
ing virus-® (a possibility which was consid- 
ered early in the work)i'* it might conceivably 
act as follows: The injected XYZ material 
immunizes the host to the virus and the sub- 
sequently transplanted tumor grows with un- 
trammeled or natural vigor, unimpeded by its 
contaminating virus.®^'®' This possibility was 
considered with the Broun-Pearce rabbit tu- 
mor XYZ material. A Lilac rabbit (resistant 
strain), in which a Bromi-Pearce transplant 
had grown subcutaneousliq regressed and dis- 
appeared, was sacrificed. Blood serum from 
this “immune” rabbit was mixed in equal 
parts with XYZ material and allowed to stand 
for some hours in a kitchen type ice box. This 
immune serum-XYZ mixture injected prior 
to tumor transplantation enhanced the XYZ 
effect. If an inert contaminating xdrus were 


present, then, the virus-serum mixture per- 
haps should have lessened the XYZ effect in- 
stead of increasing it. .-Mso probably every 
strain of Brown-Pearce tumor throughout the 
world today was derived from animals which 
had had XYZ material before tumor inocula- 
tion and shipped (by AEC) to various places. 
Our own strains came from several genera- 
tions of such XYZ animals j^et the XYZ ma- 
terial may be obtained vnth regularity an^ 
ease from the frozen tissue. If a virus, it is 
inert in the sense that no fatalities or clinical 


,indJtner»owcII, E. C., Ca«crr 

Research, 19-19, 

21 Kritzlcr, Robert A., Mulliken, B., a.ul Turner, 
Joseph C., Cancer Jicscarch, 1049, 0, T4. 

- S2Casey, Albert E., PROC. Soc. Exr. Bror.. and 

Med., 193G, SI, 111. 


disease follows its injection, and dimamic in 
the sense that metastases and local growth of 
the homologous tumor are enhanced by its 
injection. The recent e.xperimental work of 
Kaplan and Murphy on insufficient radiation 
inducing more metastases is verj" suggestive 
of the XYZ effect.'® The Brown-Pearce ma- 
terial is almost equally as effective when given 
2 weeks after tumor transplantation as 2 
weeks before.' The XYZ effect does not re- 
sult when Berkefeld or Seitz filtrates of fresh 
tumor^®'®® or nuclei and cytoplasm of fresh 
tumor®' are injected prior to tumor trans- 
plantation. A single injection of the XYZ 
factor into immune rabbits which had been 
tested and retested bjr inoculations of Brown- 
Pearce tumor broke down the resistance of 
33% of the animals upon subsequent chal- 
lenge with fresh tumor tissue.' 

Sumvtary and conclusions. 1 . Twelve e.xperi- 
ments were made with mouse mammary car- 
cinoma Eo77I (CS7 black origin) using 250 
C57 black mice. Complementarj' use was made 
of mouse mammary carcinomata 241-5, 241- 
16 (C57 black origin), 15091a (Line A orig- 
in), and Barrett (C3H origin). 

2. A highly selective XYZ factor (entirely 
comparable with those described for the 
Brown-Pearce rabbit tumor and Bashford 
mouse mammary carcinoma 63), resulting in 
enhanced tumor growth, was found to be uni- 
formly present in the frozen Eo771 tumor 
tissue. The XYZ effect was present when the 
XYZ factor was derived from the homologous 
tumor and absent when derived from a heter- 
ologous tumor, even from other mammary 
carcinomata of the same highly inbred C57 
black strain. This high tissue selectivity of 
the XYZ factor was not limited or determinerl 
by the host into which the tumor cells were 
transplanted. The factor was equally effec- 
tive in homologous or heterologous transplant- 

2.1 Drysdalr, GciirRC R., ■'I'lJ Oisi'V, .Mbort E., 
impublislicd cxppriiniMils. 

21 Skipper, iroiv.'iril, I-Mrviirds. P. C., Dry.sdiilp, 
Giorpe R., .ami Casey, Albert E.. iiiipublislicil ex- 
ppriment.a. 

2.-.B;ijip. F. B., ami Gey, G. O.. Pkik’. Sor. E.vr 
Bion. .AND >rED., 1949, 71, 7S. 
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the magnitude described above as inhibitory 
ivere present. No lysis was evident even with 
concentrations of the agent one hundred times 
greater than those sufficient for bacteriostasis. 

The common ranges of aureomj'dn sensi- 
tivity determined by the plate method for 6 
strains of 5. aureus were ,05 to 0.2 fig per ml 
at 12 hours, 0.1 to 0.5 /ig per ml at 18 hours, 
0.5 to 1 fig per ml at 24 hours, 0.5 to 5 
fig per ml at 36 hours, and 1 to 20 fig per 
ml at 60 hours (See Tables II and III). The 
values for 5 strains of enterococcus were 0.1 
to 0.5 fig per ml at 12 hours, 0.2 to 1 fig 
per ml at IS hours, 0.5 to 1 fig per ml at 24 
hours, 0.5 to 2 fig per ml at 36 hours, and 1 
to 20 fig per ml at 60 hours. Aureomycin in- 
hibitory levels for Sal. panama were 1 to 2 
fig per ml at 12 and 18 hours, 2 to 5 fig per 
ml at 24 hours, 5 to 10 /ig per ml at 36 hours, 
and 10 to 20 fig per ml at 60 hours. The 
E. coll values were about the same as those 
for Sal. panama Considerably higher levels 
were required for inhibition when serum or 
blood was present. At 18 hours, for example, 
these ranged from 2 to 20 times greater for 
the gram positive cocci, and 1 to 10 times 
increase in aureomycin concentration for the 
gram negative bacilli. 

Four strains of 5. aureus had been tested 
against penicillin and streptomycin. Three 
were penicillin-resistant and one was strepto- 
mycin-resistant. All strains were equally sen- 
sitive to aureomycin. 

Discussion. The data presented in this 
stud}' are in close agreement with those of 
Lankford and Lacy.'* Very low concentrations 
of aureomycin inhibited S. aureus if the me- 
dium used was plain tryptose broth or tiyp- 
tone glucose extract agar. The same was true 
of other organisms tested. Lowest values were 
obtained with the 4 hour turbidimetric 
method. .Addition of serum or blood to the 
medium increased the concentration of aureo- 
mycin required for inhibition, especially when 
incubation was prolonged. This effect was 
quite marked with the plate method. The 
absence of bactericidal action by aureomycin 
and the rapid deterioration of this agent dur- 
ing incubation offer an adequate explanation 
of these observations, A richer medium would 
be expected to accelerate bacterial growth 
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TABLE I. 


Turbidimetric Method. (Concentration of aureomycin in ftg per ml). 




Tryptose broth— 

-hr 


Tryptose broth phis lOTi 
serum — lir 

4 

14 20 


Em 

4 

14 

20 

40 

50 60' 

S. aureus (4,1552) 

o 

r 

o 

.1-2 .2-5 

.5 

— 1-5 

.05 

.2-5 

.5 



— 5 

S. aureus (37215) 

.05 

2 — 

— 

.5 — 

.05 

.5 

— 

— 

5 — 

Enterococcus (40056) 

.1 

— .5 

— 

5 — 

.2 



O 



10 — 

Sal. panama (40615) 

.5 

1-2 2-5 

10 



.5 

O 

5 

10 or more 

E. coli (41010) 

.5 

1 2 

— 

10 — 

.5-1 

1 

5 




The figures represent the concentration of aureomycin in ;jg per ml, required to inhibit groTvtli. 


complete inhibition of growth being the end- 
point. 

A number of sensitivity determinations were 
made with pooled sterile human sera or whole 
horse blood added to the basal media. Two 
percent hemolyzed horse blood was used for 
the turbidimetric method. The blood added 
to tryptone glucose e.xtract agar invariably 


hemolyzed. 

The one precaution to be consistently ob- 
served is rapid preparation and inoculation of 
the aureomycin m^ia. The M'hole task should 
be performed within a few hours due to rapid 
deterioration of this antibiotic. 

Results. Inhibitory levels of aureomycin 
for 2 strains of 5. aureus as determined by the 
turbidimetric method were .02 to .05 /ig per 
ml after 4 hours of incubation, 0.1 to 0.2 fig 
per ml after 14 hours, 0.2 to 0.5 fig per ml 
after 20 hours, 0.5 fig per ml in 40 to 50 
hours, and 1 to 5 /ig per ml after 60 hours 
(See Table I). A composite growth curve 
derived from 9 e.Yperiments is presented in 
Fig. 1. It demonstrates partial inhibition for 
S. aureus by .01 and .02 fig of aureomycin per 
ml complete inhibition for 7 hours by .05 
ug’per ml, and failure of this and higher 
concentrations to inhibit bacterial growth 
as the period of incubation is lengthened. 
One strain of enterococcus was inhibited 
by 0.1 uS ^ horns, 0.5 

ag per ml at 20 hours, and 5 fig per ml at 
50 hours Salmonella panama was inhibited 
by 0.5 fig per ml at 4 hours, 1 to 2 per ml 
af 14 hSurs, 2 to 5 /ig per ml at 20 hours, and 
10 «g per ml at 40 hours. For one strain of 
E coli, the inhibitory levels were 0. a /ig per 

at 4 hours, 1 .g per'ml at 14 hours, ,g 

per ml at 20 hours, and 10 ;xg per ml at aO 


hours. With serum present in 10^ concen- 
tration, the levels were the same or somewhat 
higher. Increases were usiiallj’’ to the extent 
of one tube dilution, but were occasionally 5 
to 10-fold (3 to 4 tube dilutions) following 
long periods of incubation. 

Subculture of the media in the tubes con- 
taining 10 fig of aureomycin per ml invariably 
rei’ealed a few viable organisms. S. aurats so 
isolated was inhibited by .02 fig of aureomycin 
per ml at 4 hours and 0.1 fig per ml at 20 
hours. For Sal. panama, the values were 0.5 
fig per ml at 4 hours and 2 fig per ml at 14 
hours. These values were comparable to those 
obtained with the parent strains. 

Aureomycin incubated for 18 hours at 37°C 
was tested against S’, aureus and Sal. panama. 
The inhibitory levels for S. aureus were 0.2 
fig per ml at 4 hours and 1 /jg per ml at 20 
hours. Pre-incubation levels were .02 fig 
per ml and 0.2 fig per ml at 4 and 20 hours 
respectively. Two micrograms per ml at 4 
hours and 5 to 10 fig per ml at 20 hours were 
required by Sal. panama as compared with 
control levels of 0.5 fig per ml at 4 hours 
and 2 fig per ml at 20 hours. This represents 
about 60 to 90% deterioration of aureomi'cin 
in 18 hours. 

The aureom 3 ’cin inhibitor^' lev'els observed 
following incubation of S. aureus and Sal. pan- 
ama for 4 hours in trjptose broth containing 
2% horse blood were .05 fig and 0.5 /ig per 
ml respectively. These values corresponded 
closely to tliose obtained with the simple tnp- 
tose broth medium. 

Aureomj'cin was added to cultures of S. 
aureus, E. colt, and enterococcus one or 2 
hours after growth commenced. Further 
growth was inhibited if aureomycin levels of 
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the magnitude described above as inhibitory 
were present. No lysis was evident even with 
concentrations of the agent one hundred times 
greater than those sufficient for bacteriostasis. 

The common ranges of aureomj^cin sensi- 
tivity determined by the plate method for 6 
strains of 5. aureus were .05 to 0.2 /«g per ml 
at 12 hours, 0.1 to 0.5 /ig per ml at 18 hours, 
0.5 to 1 ^g per ml at 24 hours, 0.5 to 5 
fig per ml at 36 hours, and 1 to 20 fig per 
ml at 60 hours (See Tables II and III). The 
values for 5 strains of enterococcus were 0.1 
to 0.5 fig per ml at 12 hours, 0.2 to 1 fig 
per ml at IS hours, 0.5 to 1 ^ig.per ml at 24 
hours, 0.5 to 2 fig per ml at 36 hours, and 1 
to 20 fig per ml at 60 hours. Aureomycin in- 
hibitorjr levels for Sal. panama were 1 to 2 
fig per ml at 12 and 18 hours, 2 to 5 /ig per 
ml at 24 hours, 5 to 10 fig per ml at 36 hours, 
and 10 to 20 fig per ml at 60 hours. The 
E. colt values were about the same as those 
for Sal. panama Considerably higher levels 
were required for inhibition when serum or 
blood was present. At 18 hours, for e.xample, 
these ranged from 2 to 20 times greater for 
the gram positive cocci, and 1 to 10 times 
increase in aureomycin concentration for the 
gram negative bacilli. 

Four strains of S. aureus had been tested 
against penicillin and streptomycin. Three 
were penicillin-resistant and one was strepto- 
mjxin-resistant. All strains were equally sen- 
sitive to aureomycin. 

Discussion. The data presented in this 
study are in close agreement with those of 
Lankford and Lacy.^ Very low concentrations 
of aureom 3 ''cin inhibited 5. aureus if the me- 
dium used was plain tryptose broth or tiy'p- 
tone glucose e.vtract agar. The same was true 
of other organisms tested. Lowest values were 
obtained rvith the 4 hour turbidimetric 
method. .Addition of serum or blood to the 
medium increased the concentration of aureo- 
mj’cin required for inhibition, especially when 
incubation was prolonged. This effect was 
quite marked rvith the plate method. The 
absence of bactericidal action bj' aureom 3 'cin 
and the rapid deterioration of this agent dur- 
ing incubation offer an adequate e.\planation 
of these obser\'ations. .A richer medium would 
be e.\pected to accelerate bacterial growth 
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TABLE III. 

Aurcoiii 3 -cin Sensitivities in ng per ml. (Trvptoiie gliieoae o.\ir;lc^ agar plntc iiiotliod). 


' 



Hr 

s 

Organism 

12 

IS 

24 

36 

S. aureus (Strains 1, 44488, 44381) 
Enterococcus (40156) 

0.2 

0.5 

0.5 

0 - 

0.1 

— 

— 

1 

Enterococcus (43284) 

0.1 

0.2 

— 

— 

Enterococcus (45145) 

0.2 

0.2 

0.5 

— 

E. con (40382) 

1 

1-2 

— 

5 

E. coli (44532) 

1 

5 

5 

20 

E. colt (43768) 

1 

o 

0 

20 

Ps. aeruginosa (43919) 

50 

50 

50 

Over 50 


more rapidly as the inhibitory action of the 
drug declined. Therefore, the higher values 
reported by 'other investigators may be as- 
cribed to their use of highly nutritive media, 
probably containing serum or‘ blood, and to 
incubation for prolonged periods of time. The 
supposed direct inactivation of aureomycin 
by serum or blood reported by Chandler and 
Bliss” may have reflected an interplay of these 
factors rather than specific action on the drug. 

The turbidimetric method with tryptose 
broth as the medium is probably the most ac- 
curate. It has the advantage of permitting 
rapid determinations, 3 or 4 hours of incitba- 
tion being sufficient. It is more tedious and 
exacting than, a simple plate method using 
tryptone .agar, which may be preferable for 
routine laboratorj'' use. Values obtained will 
be higher than those obtained by the turbidi- 
metric method. Readings should be made 
within 12 hours of inoculation if possible since 
the error will be diminished with sliorter 
-periods of incubation. A correction factor 
may be employed, but this will vary m'dely 
with .the e.xperimental situation even at 12 



hours. Eighteen hour determinations may be 
as much as 25 times greater than the equiva- 
lent 4 hour turbidimetric value. 

Noting that bacterial sensitivity decreased 
as the size of the inoculum was increased, 
Harrell and associates® have warned of the 
potential danger of aureony'cin resistance. 
This possibility has received further support 
from the detection of viable bacteria in the 
presence of very high concentrations of the 
agent. Such organisms were found on subse- 
quent test to be fully sensitive as studied in 
this laboratory with ie turbidimetric method. 
It is suggested that these bacteria were “per- 
sisters.” 

Summary. 1. Gram positive cocci and gram 
negath'C bacilli were tested turbidimetrically 
for aureomycin sensitivity. The inhibitory 
levels were .02 to .05 ^tg per ml for S. aureus, 
0.1 fig per ml for enterococcus, and 0.5 u" 
per ml for Sal. panama and E. coU. 

2. Aureomycin was not inhibited by the 
presence of blood or serum in the medium. 

3. Increased length of incubation and ad- 
dition of serum or blood to the medium re- 
sulted in higher levels of inhibition, particu- 
larly with the plate method. An e.xplanation 
of this effect is offered. 

4. Tr\T)tone glucose extract agar Avas used 

for a plate method, \-alues were higher and 
less consistent than with the turbidimetric 
technic 

■ 'r.Ch.n.<lI<>r, r. A..' aiurnii.ss, K. A., .tin,. .Vnr 
Yorl.- Acnd. Sci.. 1048, 51, CCl. 

<: Il.-irrell, G. T., Mwxl.s M.. !i'»l .Stevens, K., 

Soulh. .^M. ./.. 1040, 42, 4. 

lo'^O.' tCs.K.B.M., 1040, 72. 



Effect of Androgen on Concentration of Certain Amino Acids in the 

Rat Prostate* (17341) 

Horace N. IMarvin and Jorge Awapara. 

From the XJuieersity of Texas, ZI. V. Anderson Bospital for Cancer Fesearch, Honston, Texas. 


Although recent reports^ have appeared 
describing the effects of hormones on the bio- 
chemical constituents of organs stimulated by 
those hormones, no information is available 
relative to the influence of hormones on the 
free amino acids of such tissues. As part of 
a large program oi growth investigation, it 
became of interest to mahe such a study. 

Young, adult male rats (140-160 g) of the 
Sprague-Dawley strain were used. Orchidec- 
tomy was performed through a mid-ventral in- 
cision with the rats under light ether anes- 
thesia. A period of 15 days was allowed for 
prostatic atrophy. The castrated rats which 
received androgen were given 0.5 mg of testos- 
terone propionate (Oretonl) in 0.25 ml of 
corn oil subcutaneously each day for periods 
of 1, 4, 8, and 12 days. .All animals were 
fasted 24 hours, killed by decapitation, and 
the ventral lobes of the prostates were re- 
moved. .A sufficient number of glands was 
pooled to furnish a total of 300-500 mg of 
tissue. The tissues were prepared and ana- 
lyzed by paper chromatography according to 
the method of Awapara." Qualitative separa- 
tion of the various amino acids was done bj' 
the two-dimensional method, and one-dimen- 
sional quantitative determinations were car- 
ried out for alanine, glycine, glutamic acid, 
and aspartic acid. The results of the former 
procedure are shown in Fig. 1, and the values 
obtained bv the latter method are given in 
Table I. 

It can be seen that following castration 
there are fewer amino acids determinable by 

• TliiR work \v:is in ji.-irt In' .n prant 

(No. INSTK 23) from tliu American Cancer 
Society. 

1 T)nvi«. .t. S.. Mevor. R. K., ami Mc.'Slian, 
tv. H., Fn<Inrriii(>lnr)ii, mtO. 44 1. 

t Tlie Oreton n«e4 was sullied by tlic SclierinR 
Corporation throupli ibc courtesy of Dr. Irwin 
Scliwcnk. 

2 Awapar.t. .1., d. 7tio!. (Tirm., 194<t, xzs, 113 . 


the qualitative technic, and with replacement 
therapy the variety progressively approaches 
the normal. This can be interpreted in at 
least two ways; a) there is an absolute disap- 
pearance of certain amino acids, and b) the 
concentration of these amino acids is reduced 
below the sensitivity of the method. The lat- 
ter explanation seems to be the more reason- 
able. Quantitation of the 4 principal amino 
acids shows that castration is followed by a 
marked reduction in their concentrations. It 
is apparent also that S-I2 days of replace- 
ment therapy^ with 0.5 mg of testosterone 
propionate each day is necessary before the 
amino acid concentrations approximate the 
normal levels. These data cannot be compared 
with the findings of the authors previously 
quoted because in those e.xperiments the injec- 
tions of androgen were begun on the day of 
castration and, therefore, no time was allowed 
for atrophy. 

In Fig. 1 it can be seen that the normal 
prostate has at least 4 peptides (14 A. B, C, 
D) not seen in the glands of castrates or 
castrates receiving androgen. It is also of 
interest to note that the prostate of the cas- 
trate animal has a substance, probably a pep- 
tide, which disappears after 4 days of treat- 
ment with androgen. The physiologic signifi- 
cance 'of these peptides is not at all clear and 
must await further study. .An unidentified 
substance (Fig. 1, No. 15) was found to be 
present in every- case. Preliminary studies in 
this laboratory suggest that this substance is 
cystine. 

-Androgen replacement stimulates growth 
and renews the secretory- activity of atrophic 
prostate glands. Since these changes are con- 
comitant with a progressive increase in the 
concentration of free amino acids, it may be 
concluded that growth is associated with an 
increased propensity of tissue for concentrat- 
ing and retaining these substances. This 
concept would appear to be important in 
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Fra. 1. 

Chart shorviag the distribution of free amino acids as demonstrated by tivo-dimensional 
paper chromatography. The numbered areas indicate tlie positions of tlie following substances: 

1. alanine; 2. glutamic acid; 3, glycine; 4. aspartic acid; 5. serine; G. glutamine; 7. taurine; 

8. threonine; 9. tyrosine; 10. proline; 11. leucine; 12. phenylalanine; 13. glutathione; 14. .A, B, 

C, D, E, unidentified peptides; 15. unidentified (cystine 7) ; 1C. valine. 

understanding the stepwise mechanism of pro- lished data in this labora tori’- obviate this 
tein synthesis in growth. One might question possibility, in that no free amino acids have 
the contribution of prostatic secretion, per se, been demonstrated in prostatic fluid by the 
to the increase in amino acid levels. Unpub- same procedure used above. 


T..VBBE I. 

Effect of Castration and Androgen Replacement on Amino Acids in Rat Prostate. 

Amino acid concentration mg/100 g tissue 


Treatment 


Prostate Aspartic Glutamic 

ivt,* mg acid acid Glycine Alanine 


Castrate — 15 days 
Castrate -f androgen 24 hr 
Castrate -b androgen 4 days 
Castrate -b androgen 8 days 
Castrate -j- androgen 12 days 
Normal 


45 (9) 

12 

IG 

9 

— 

55 (6) 

13 

20 

32 

— 

178 (4) 

12 

29 

1C 

0 

562 (2) 

23 

57 

25 

43 

7C2 (2) 

44 

100 

44 

30 

700 (2) 

58 

102 

45 

40 


i The figures in parentheses are the number-s of glands from which the mean weight given 
was obtained. 



The Electroencephalogram in Parkinsonism 


95 


Summary. A decrease in the amounts and 
numbers of free amino acids determinable by 
paper chromatography is associated with pro- 
static atrophy after castration. Replacement 
therapy -in the castrated animal is followed 


by a progressive increase toward normal. The 
relation of these findings to growth processes 
is briefly discussed. 

Beeeived July 28, 1949. P.S.E.B.M., 1949, 7J2, 


The Electroencephalogram in Parkinsonism. (17342) 

Henry Newman, Robert 'MgNaught, and Francis O’Donnell. 

From the Departments of Medicine and Snrgcry, Stanford Dniversity School of Kedfcine, 

San. Francisco, Calif. 


It is generally recognized that the patho- 
logical process in Parkinsonism centers about 
the basal ganglia. The electrical activity of 
this region was studied by Meyers and Hajme^ 
by direct insertion of insulated electrodes. 
They found normals to have a striatal rhythm 
faster than that of the cortex, while patients 
with Parkinsonism showed sequences of 25 
cycle rhythm not recorded from the cortex. 
SpiegeP found the potentials from the cat’s 
thalamus to be much like those from the 
cortex. Using an electrode driven into the 
sphenoidal bone Grinker and Serota* found 
4 to 6 cycle waves as well as alpha rh3^thm. 
Using nasopharymgeal electrodes, Barnett* 
failed to find any 4 cycle activity. 

Using conventional scalp electrodes, Yeager 
and Baldes’’’’ reported 4 cycle waves not stm- 
chronous with the tremor in patients wnth 
Parkinsonism. Jasper and Andrews® found 
no slow waves in two patients with unilateral 
Parkinsonism, but did record such activitj’^ 
from 2 patients with advanced bilateral dis- 
ease. They concluded that the slow activity 
was present in cortical leads onlj^ when tremor 
was bilateral. Schwab and Cobb' recorded 

I Moyers, BnsscU, .Tntl Ilayne, Koliert, Frans. 
Am. Fcurol. Assn., 194S, p. 10. 

-Spiegel, E. A., am. J. Physiol., 1937, 118, 509. 

a Grinker, R. E., and Sorotn, II., J. Keuro- 
rhy.<!iol., 193S, 1, 573. 

rBnrnctt, A., J. Lah. and Clin. Med., 1941, 20, 
1059. 

r' ye.Tger, E. L., .nnd Baldes, E. .T., Proc. Staff 
Meet. Mayo Cl., 1037, 12, 705. 

I'.Tasper, II. II., nnd Andrew, II. Ii., J. Xniro- 
physio!., I93S, 1, S7. 


similar potentials from patients with Parkin- 
sonism, but w’ere of the opinion that the slow 
waves were artifacts from head inovement, 
since they w’ere able to suppress them by 
mechanically restraining the head. In view 
of these conflicting opinions, it seemed worth, 
while to investigate the problem further. 

The basal leads which ive employed con- 
sisted of silver cannulae, insulated save at the 
tip with bakelite varnish, which w'ere inserted, 
after topical cocainization, through the nos- 
trils and into the sphenoidal sinuses, where 
the tips lay against the posterior wmll. X-ray 
e.vamination showed the tips to be in close 
proximitj' to the floor of the sella turcica in 
the majority of cases. In addition to the 
two sphenoidal leads, scalp electrodes of hypo- 
dermic needle type® were placed on each side 
in the frontal, central, and occipital regions, 
and the twm mastoid regions were grounded. 
The potentials were amplified by a Grass 4 
channel electroencephalograph. Recordings 
were made between the two sphenoidal elec- 
trodes, as well as between the sphenoidal elec- 
trodes and the pairs of scalp electrodes. Uni- 
polar recordings from the sphenoidal and 
scalp electrodes were also made. 

In general, where both sphenoidal electrodes 
made good contact, w'hich occurred about half 
the time, the intersphenoidal potentials resem- 
bled most those recorded from the central 
scalp electrodes, showing mostly’- 20 cj’cle ac- 

~ Scliwab, R., .and Cobb, .8., ,7. Xctirophysiol., 
1939, 2, 36. 

SNt'mn.an, II. -W., Stanford Med. Dull., 1949, 
T, 61. 



.'96 


Blood Barbiturate Levels and Anesthesia 


livity., of . low voltage, with some 10 cjmle 
waves. The potentials recorded between the 
sphenoidal electrodes and the scalp electrodes 
corresponded to those secured from the cor- 
responding scalp electrode and ground. Thus 
there were no waves felt to be characteristic 
of the sphenoidal leads. 

Records were secured from 12 patients with 
Parkinsonism. Of these, 6 were incidental to 
cerebral arteriosclerosis and 6 were post-en- 
cephalitic. Nine showed gross tremor, bilater- 
al in all cases. Of these patients with tremor, 
5 showed no evidence of slow activity on the 
BEG, either from the sphenoidal or the scalp 
leads. The remaining 4 showed slow activity, 
all of them from the sphenoidal leads, and 3 
from one or more scalp leads as well. Fig. 1 
shows the 4 cycle activity recorded from the 
sphenoidal and frontal leads in one of these 
patients, and its disappearance on opening the 



Fig. 1. 

Pisappc.Tr.-iiiee of 4 cycle activity on opening 
the eyes in a patient ivitli Parkinsonism. The 
electrode placement is S-LF, si)lienoi(Ial to left 
frontal; S-EP, splienoidal to right frontal; S-LO, 
sphcuoid.al to left occipital; S-RO, sphenoidal to 
right occipital. 
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Fig. 2., 

Disappearance of 4 cycle rhythm on mechanical 
restraint of the hands in a patient nith Parkin- 
soiiisni. The electrode placement is S, sphenoidal; 
F, frontal; C, central, and O, occipital, all Inpolar. 


e\’es, indicating that it ivas due to eye move- 
ment incidental to the tremor. Fig. 2 shows 4 
cjrcle activit}’’ in another patient from the 
sphenoidal and occipital leads, and its disap- 
pearance when the patient’s hands were re- 
strained. 

In the one patient who showed slow ac- 
tivity from the sphenoidal leads but not from 
the scalp leads it is a little more difficult to 
dismiss the slow rhythm as artifact, but since 
it too was suppressed by mechanical restraint 
it seems reasonable to ascribe it to head move- 
ment. 

In none oT the 3 patients who had no gross 
tremor ivas any slow activity demonstrated 
from either the sphenoidal or scalp leads. 

Summary. Patients with Parkinsonism do 
not show slow activity in the BEG, using 
either sphenoidal or scalp electrodes, e.vcept 
tliat incidental to movement artifact. 

Received Aiigu.st 1, 10411. P.S.E.B.Jf., 11140, 72. 


Blood Level of Sodium 1-MethyI Butyl Barbituric Acid and Duration of 
Anesthesia in Rabbits. (17343) 

Leo R. GoLDBAUit and Jerome A. Schack (Introduced by Maurice Tandy.) 
From the Army Medical Department Jtcsearch and Graduate School, Army Medical C< liter, 

TTashinyton, D.C. 


■ Since the report of Koppanyi, d al.} on the 
barbiturate-cobalt reaction extensive investi- 


1 Koppanyi, T., Jfnrpli.-'', 
Fr.oc. Soo. Exr. Bior.. Axn 


W. .S., !iu(l Krnp, 
Mm>., 1033, SO, 542. 
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gallons of tlie metabolic fate of the barbitu- 
rates have taken place. The recent develop- 
ment of an ultraviolet spectrnphotomelric 
method utilizing small sample.s of blood h.is 
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TABLE r. 

Blood Level (mg/%) at Time of ATOlvCplnj; as Influenced by Bose and Route of Admiiiisfration. 


Intravenous, 

30 mg/kg 

Intramnsfular, 

33 mg/kg 

Infraperitoneal, 

35 mg/kg 

Subcutaneous, 

35 mg/kg 

Oral, 

50 nig/.kg 

1.2 

1.4 

1.2 

0.9 

1.1- 

1.1 

1.2 

1.2 

1.0 

1.0 

1.4 

1.1 

0.9 • 

1.4 

1.1 

1.4 

1.7 

1.2 

1.0 

1.1 

1.1 

1.1 

1.1 

1.0 

1.1 

1.0 

2.0 

1.4 

1.4 

1.7 

*1.20 

1.25 

1.17 

1.32 

1.12 

1 .17 

.10 

.30 

.30 

.20 


* Mean. 

1 Standard deviation. 


made feasible the reinvestigation of the varia- 
tions in the blood level of the barbiturate dur- 
ing anesthesia. This report describes the re- 
lationship found between the blood level of 
the barbiturate and the duration of anesthesia. 

The sodium salt of 1-methyl butyl barbitur- 
ic acid was used throughout the study. Female 
albino rabbits weighing about 2 kg were given 
a single dose of the drug after having been 
allowed only water for the 12 to 18 hours 
preceding injection. Blood samples of 5 cc 
were obtained by cardiac tap and analyzed by 
the ultraviolet spectrophotometric method of 
Goldbaum.- Each figure in Table I represents 
the average of a duplicate analysis. The 
“awakening time’’ was taken the instant the 
animal spontaneously assumes the prone posi- 
tion. 

A group of 19 animals was given a dose of 
35 mg /kg of sodium pentobarbital intraven- 
ously. The injections were made in the 
marginal vein at the rate of 1 cc ( 20 mg pen- 
tobarbital /cc) per minute. Following the in- 
jection the animals were placed in the supine 
position. Blood samples were withdrawn both 
at 10 minutes and upon spontaneous righting. 

Despite careful attention to the technic of 
injection there was a wide variation in the 
level of the drug found in the circulating 
blood ten minutes after injection. A mean 
of 3.21 rt 0.22 mg with a range of from 
2.5 to 3.0 mg v'p found. In contrast, 
the level on awakening was constant exhibit- 
ine a mean oU.lh 0.04 mg ^r. The blood 
level at the time of awakening was found to 

: (iiildb'uiui, L.. .r. r/iiirm. <inil i:.rp ThiTop., 
I'.MS, <)4, r.S, 


be unrelated to the duration of anesthesia. 
Thus, the shortest time recorded, 45 minutes, 
was found in an animal with a level on 
awakening of 1.2 mg %; whereas the animal 
which slept longest, 225 minutes, had an 
awakening level of 1.0 mg %. Upon statis- 
tical evaluation the correlation coefficient be- 
tween duration of anesthesia and awakening 
blood level is found to be r = -0.181, indi- 
cating no dependence. Neither could a re- 
lation between the total sleeping time and the 
concentration of drug in the blood at 10 
minutes be established. Although those ani- 
mals which slept over 200 minutes had 10 
minute levels of 3.3 mg and greater, the 
correlation coefficient r = 0.316 indicates that 
no dependent relationship exists. 

The effect of route of administration upon 
the awakening blood level was also investigat- 
ed. Eadi of 6 rabbits received 35 mgAg in 
the thigh muscle, 6 received 35 mg/kg intra- 
peritoneally, 6 received 35 mg/kg subcutan- 
eously in the flank, and 6 were given 50 mg 
per kilogram by stomach tube. In addition. 
6 rabbits received 30 mg/kg in the marginal 
ear vein in order to determine the eft'ect of a 
lower dosage level. The animals were placed 
on their backs when anesthetized and blood 
samples were taken as soon as they had righted 
themselves. The results are shown in Table 1. 

^ It will be seen that there was little varia- 
tion between routes. The mean was found to 
be about 1.2 mg for all routes with stand- 
ard deviations of about 0.2 mg fc. Evaluation 
of the differences between routes by means of 
Uie analysis of variance reveals the'diffcrenccs 
to be of no significance (F = 0.3S). 
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Summary. 1. The correlation between the 
blood level of sodium pentobarbital and the 
duration of anesthesia in rabbits was investi- 
gated. 

2. The awakening level was found to be 
quite constant at about 1.2 mg %, and was 
uninfluenced by route of administration or 


dose of the drug in the range tested. 

3. No relation could be demonstrated be- 
tween duration of anesthesia and the barbitu- 
rate blood level 10 minutes after injection, 
or with awakening blood level. 

Ecceived August 1, 1949. P.S.E.B.M., 1949, 72. 


A Method of Preparing Collodion Particles for Serologic 
Agglutination.* (17344) 

W. Paul Havens, Jr., and Hazel Lloyd (Introduced by Abraham Cantarow.) 
From The Jefferson Medical College, Philadelphia, Pa. 


The agglutination of collodion particles as 
a method of demonstrating union between 
antigen and antibody has been utilized by 
several investigators as a highly sensitive sero- 
logic technic.^"® However, difficulty in pro- 
ducing uniformly active pellets and the fre- 
quency of non-specific reactions have limited 
its general use. CaveltP recently reviewed 
these points and suggested certain modifica- 
tions of earlier methods to avoid their inher- 
ent difficulties. In the course of attempts 
made in this laboratory during the past two 
years to devise a serologic test for viral he- 
patitis, the use of the collodion particle ag- 
glutination technic was e.vplored. A simple 
method of preparing collodion particles which 
give consistently reproducible results was de- 
vised. It is the object of this paper to de- 
scribe this method. 

Preparation of collodion particles. The 
general method of Loeb'’ modified by Cannon 
and Marshall® was used ndth certain altera- 
tions. All glassware used was sterile. 

Stock solution. One and one-half pounds 


* These invesrig.itions vrerc conducted, in part, 
with the aid of the Commission on Virus and 
Kickettsial Diseases, Armed Forces Epidemiologi- 
cal Board, Office of the Surgeon General, IT. S. 


:Vrmy, V'asliington, D.C. 
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of collodion, U.S.P. Merck (non-fle.sible) is 
poured slowly into 2 liters of singly distilled 
water contained in a 4 liter glass beaker. The 
water is stirred constantly with a glass rod 
while the collodion is being added, and a mass 
of collodion separates. The water is decanted 
and the mass is then washed three times 
with distilled water, and is finallj’’ pressed by 
hand between several layers of bibulous paper 
to remove e.vcess water. The mass of collo- 
dion is further dried in an incubator at a 
temperature of 37°C for 24 hours or until 
the odor of ether is no longer detectable. Dur- 
ing the period of dr 3 'ing, the mass is broken 
up into smaller pieces to allow e.vposure of 
more surface, ^^'hen drj% the mass of collodion 
is weighed, and a 5% solution in acetone is 
prepared in a water bath at a temperature of 
37'’C. Stirring with a glass rod e.xpedites the 
solution. This stock solution is stored in the 
ice-box at 4° to O^C. 

Suspension of pellets. 150 ml of stock solu- 
tion is poured into the glass container of a 
Waring Blendor. The base of tlie Blendor is 
wrapped with a damp towel, and another 
damp towel is draped over the open top of 
the glass container to avoid splashing. The 
apparatus is set before an open window in 
such a wa.v that escaping fumes of acetone 
mai' be readilj' dispersed b\- currents of air. 

A glass funnel m'Ui the stem pulled to a fine 
capillary lip is placed on a ring stand so that 
the tip is appro.vimafeh' 2 cm below the top 

Cannou, P. It., and Mar.^hnll, C. E., J. Im* 
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of the container and over the vortex of the 
agitated fluid. The Blendor is set in motion, 
and through the funnel is added 60 ml of a 
mi.vture of three parts distilled water and one 
part acetone. AATien all the water-acetone 
mixture has been added, the Blendor is turned 
off, and a heavj’^ gelatinous precipitate sep- 
arates and settles to the bottonl of the glass 
container. The faintly cloud}^ supemate is 
decanted into a filter flask containing 300 
cc of cold, doubl 3 ' distilled water, and the re- 
sultant mixture becomes cloudj'. The gela- 
tinous precipitate in the glass container is re- 
dissolved in 150 ml of stock solution. The 
Blendor is again set in motion, 60 ml of a 3 : 1 
water-acetone mixture is added, and the 
supemate is subsequently decanted from the 
gelatinous precipitate into the original filter 
flask containing the 300 cc of doubh’’ distilled 
cold water and the first supemate. The gela- 
tinous precipitate remaining in the glass con- 
tainer is redissolved in 100 ml of acetone, 
agitated ■with the Blendor, and precipitated 
with proportionate amounts of a 3:1 mixture 
of water and acetone. This procedure is re- 
peated 2 or 3 times and the resultant super- 
nates are decanted into the original filter flask 
containing the 300 cc of cold, doubly distilled 
water and the previous supernates. 

The filter flask is then attached to a vacu- 
urn pump at a pressure of 25 lb until only a 
faint odor of acetone remains. This maj'' be 
e.xpedited by placing the filter flask in a 
nater bath at 56°C. The cloud}’’ suspension 
in the filter flask is then passed through a 
thin cotton filter to remove coarse collodion 
particles. The filtrate is centrifuged in an 
angle head centrifuge at 4000 r.p.m. for 20 
minutes. The faintly cloud}’ supernate is 
decanted and discarded. The precipitate is 
rpuspended and washed 3 times in doubly dis- 
tilled water by centrifuging at a speed of 4000 
r.p.m. for 10 minutes. The supemate after 
the last two washings should be almost clear. 
The washed particles are resuspended in 
doubly distilled water and made into a stock 
suspension of a density standardized so that a 
1:10 dilution equals No. 2 of the iNIcFarland 
Turbidity Scale.* Stock suspensions of pel- 
lets are kept in the ice-box. They may be 
stored at this temperature (4° to 6”C.) for 


7 to 14 days, after which they tend to lose 
their capacit}’’ to enhance a known serologic 
response. 

The suitabilit}’ of each lot of pellets for 
use is determined, by testing their capacit}- to 
be agglutinated by the interaction of Pneu- 
mococcus T}’pe I pol}’saccharide and its homo- 
logous hyperimmune horse serum. To chem- 
ically clean, sterile, tubes (100 x 10 mm) con- 
taining 0.5 ml of polysaccharide in dilutions 
of 10~* to 10"® are added 0.1 ml of pellets, 
0.3 ml of stenle 0.S5% saline and 0.1 ml of 
a 1:5 dilution of h}perimmune horse serum. 
The mixture is shaken and allowed to stand 
one hour at room temperature, after which 
the tubes are spun at 1500 r.p.m. for 5 minutes 
in a horizontal head centrifuge. The tubes 
are then flipped, and the amount of agglu- 
tination is determined against a bright light 
with a No. 5 Magni-Focuser glass.! A control 
test is made in the same dilutions with normal 
horse serum. Characteristically the precipitin 
test as usually performed with Pneumococcus 
T}’pe I polysaccharide and its homologous 
hyperimmune horse serum is positive in dilu- 
tions of antigen of 10-*’. The pellets must be 
agglutinated (at least l-j-) in a dilution of 
antigen of 10"® for them to be suitable for 
use as an enhancing mechanism in detecting 
a serologic response. IMany lots of pellets 
are agglutinated in a dilution of antigen of 
10-®. No agglutination occurs in the normal 
horse serum control tests. 

Summary. A simple and consistently repro- 
ducible method of preparing collodion par- 
ticles in a Waring Blendor is described. Pel- 
lets made in this way are uniformly active for 
7 to 14 days and gi%’e no non-specific reac- 
tions in the serologic s}'stem tested. In con- 
trast to previously described methods which 
prohibit the use of metal agitators, the metal 
blades in the Waring Blendor caused no ap- 
parent difficulties in the preparation of pel- 
lets. .Actually, the violence of the agitation 
produced b}’’ the high rotary’ speed of the 
blades appeared to assist in the production of 
more uniformly active and smaller pellets, 

7 McFarland, J., 1007, 49, 1170. 

t Edroy Products Company, New York, N. T. 

Received August 1, 1010. P..S.E.B.M., 1010. 72. 
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Determination of Serum Antitrypsin in the Study of Malignant 
Neoplasia. (17345) 

Marilyn Waldvogel, Horace N. Marvin, and Benjamin B. Wells.* 

From the Universily of Texas, M. D. Anderson Hospital for Cancer Research, Houston. 


Before 1920 an antitrj'ptic activity in the 
blood of various species had been observed, 
and was the subject of several theories and 
investigations. Following this there was a 
period of about 20 years during which the 
problem was almost entirely neglected. In 
recent years attention has again been focused 
on the serum antitrypsin phenomenon, and no 
less than 10 methods for its study have been 
reported in the literature. Several of these 
have been designed for use in the clinical 
laboratory. Clark, ef al.,^ Duthie, et al.,‘ 
Tallan, et al.,^ and others have reported the 
application of their respective methods to the 
study of cancer. Although the results ob- 
tained by these investigators are in no sense 
conclusive, there is a prevailing suggestion that 
serum antitrypsin is a reflection of improtant 
physiologic mechanisms and that its alteration 
in disease should in some manner ser\'e the 
practical objectives of clinical case study. At 
least 3 medical problems have been dealt with 
repeatedly in these reports; (1) endocrine 
problems, particularly pregnanej' and its com- 
plications (2) infectious diseases, especially 
tuberculosis and syphilis, and (3) cancer. 

Our interest in serum antitryptic activity' 
persists upon the hope that certain changes 
may be of value in the diagnosis or study' of 
malignant disease. The method devised in 
this laboratory* has tlie advantages of speed, 
simplicity and reproducibility, making it a 

* Present address: Department of Medicine, 
TTniversitj- of Arkansas Scliool of Medicine, Dittle 
Eoek, Arkansas. 

1 Clark, D. G. C., CUffton, E. E., and Newton, 
B. D., Pboc. Soc. Ext. Biol, and Med., 1948, 
«9, 27C. 

2 Duthie, E. S., and Lorenz, L., Btochciii. J., 

1949, -44, 1G7. , . 

STalhan, H. H., Cliffton, E. E., and Downie, 

G. Pkoc. Soc. Exr. Biol, akd Med., 1949, 70, 

•) Wells B. B., Marvin, IL •'■nd Maldrogel, 
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suitable tool for e.vtended clinical study'. The 
surt'ey reported herein will summarize our re- 
sults to date. 

Materials and methods. Our patients were 
unselected and included all those admitted to 
the M.D. Anderson Clinic during the interval 
of study. Whole blood samples of 3 cc each 
were draivn and transferred to centn’fuge tubes 
containing 6 mg of cry'stalline lithium oxalate. 
The plasma was obtained and serial dilutions 
with phy'siological saline were prepared ac- 
cording to the method previously reported.'* 
\Wien a large number of plasma samples were 
to be run simultaneously' we found that the 
procedure could be simplified by using only 4 
dilutions (1:40, 1:80, 1:160, and 1:320). The 
linear segment of the sigmoid curve which e.x- 
presses the tryosine liberation, and is impor- 
tant in determining the unitage of antitry'psin, 
almost invariably fell within this range of 
plasma concentration. Normal, control values 
were established by determination of the ac- 
tivity in the plasma of individuals who were 
clinically free of disease. 

Of the 174 patients included in this series 
SI had some type of malignant neoplasm. In 
3S there were known metastases, and in 10 
there w'as concomitant disease. After e.vclud- 
ing 15 cases in which tlie diagnosis was not 
entirely clear, the remaining 1 59 were grouped 
into the several categories shown in Table I. 
More detailed analysis of the case records 
failed to reveal other correlations of impor- 
tance. 

Results. In the tabulation of our results we 
have accepted 140 units of antitryptic activi- 
ty per cubic centimeter of plasma as the upper 
limit of norm,al. .All our cases of acute infec- 
tion, pregnancy and fibrocystic disease of the 
breast showed values in the pathological range. 
Patients with chronic infections, cardiovascu- 
lar disease and diabetes showed antitryptic 
activity within the limits of normal. ITie 
malignant diseases were not sharply seg- 
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TABLE L 




Xo. 

cases 

Enitage 



Diagnosis 

/ 

Range 

Avg 

Antitrypsin <140 units 

Xon-malignant 

Xo disease 

52 

74-141 

112 


Cardiovascular disease 

9 

69-137 

104 


Clironie inflammation 

11 

7G-1G2 

129 


Diabetes 

O 

127-135 

131 


Malignant 

Terminal malignancy 

3 

117-123 

121 


Clironie myelogenous leukemia 

O 

132-142 

137 


Primarv skin cancer 

13 

98-14G 

125 


Primary cervical cancer 

5 

.03-142 

120 

Antitrypsin >140 units 

Xon-malignant 

Acute infections 

9 

158-22.0 

178 


Eibrocvstic disease of the breast 

2 

162-166 

164 


Pregnanev 

3 

1G6-219 

19G 


Malignant 

Primary skin and cervical 

5 

162-193 

17 S 


cancer with acute infection 
Primarv cancer other than 

13 

138-204 

157 


skin and cervix 

Acute leukemia 

O 

155-214 

185 


Metastatic cancer of all types 

38 

151-240 

182 


regated on this basis, but there are interest- 
ing and well-defined trends. Individuals hav- 
ing e.'ctensive malignancies in terminal phase 
and those having small primary lesions showed 
no rise in plasma antitrj^^sin. In the first 
instance we may suppose that reactivity has 
been lost and, in the second, that the stimu- 
lous was insufficient. 'N^isceral cancer and ad- 
vanced, but not terminal, malignancy was 
quite regularly attended W high levels of 
plasma antitrj'psin. 

Discussion. The antitrypsin content of plas- 
ma is not altered in the early and more limited 
forms of malignant disease. It fails, there- 
fore, to have positive diagnostic value when 
the condition is most amenable to surgical or 
radiological intervention. The determination 
also fails as a means of excluding cancer since 
terminal, and primary skin and cerx’ical can- 
cer are associated with values within the nor- 
mal range. 

Potentially, the greatest advantage of the 
procedure may be that the presence of hidden 
or metastatic cancer is suggested in those pa- 
tients nith more than 140 units of antitr%psin. 
It is true that in several non-malignant con- 
ditions the antitrypsin values are elevated 
above normal, but these are readilv diagnosed 

by other mtjansr-dn-anv-cvent,,the' underivin'' 

o, luedirr 


mechanisms of the phenomenon present an in- 
teresting field for further investigations. 

Both clinical and e.xperimental studies in- 
dicate that the plasma antitrypsin concentra- 
tion is subject to endocrine influence. High 
levels are regularly found during pregnancy. 
One is tempted to e.\plain the findings in 
fibrocystic disease of the breast as a reflection 
of endocrine imbalance. In this connection 
we have recently' studied a case of seminoma 
of the testis with pulmonary' metastases in 
which plasma antitrypsin values varied be- 
tween 219 and 204 units prior to x-ray thera- 
py. During x-ray' treatment the antitrypsin de- 
creased rapidly' to 147 mils while the pa- 
tient’s general condition improved markedly. 
Values between 147 and 154 were obtained 
during a period of 6 weeks. .At this time 
stilbestrol therapy was instituted. The plas- 
ma antitrypsin increased rapidly to 209 units 
in less than 3 weeks while the patient showed 
marked progress of his disease. Since estro- 
gen administration has failed to increase 
plasma antitrypsin activity in animals we are 
inclined to attribute these results entirely to 
fluctuations in growth of the tumor. Plasma 
antitrypsin in relation to testicular neoplasms 
deserves considerably more study. 
_^^.^o’jc{usio7ts. I) The plasma antitrypsin test 
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Before 1920 an antitryptic activity in the 
blood of various species had been observed, 
and was the subject of several theories and 
investigations. Following this there was a 
period of about 20 years during which the 
problem was almost entirely neglected. In 
recent j’^ears attention has again been focused 
on the serum antitrypsin phenomenon, and no 
less than 10 methods for its study have been 
reported in the literature. Several of these 
have been designed for use in the clinical 
laborator}'. Clark, et al.^ Duthie, et al.^ 
Tallan, et al.,^ and others have reported the 
application of their respective methods to the 
study of cancer. .Although the results ob- 
tained by these investigators are in no sense 
conclusive, there is a prevailing suggestion that 
serum antitrypsin is a reflection of improtant 
physiologic mechanisms and that its alteration 
in disease should in some manner serve the 
practical objectives of clinical case study. At 
least 3 medical problems have been dealt Mth 
repeatedly in these reports: (I) endocrine 
problems, particularly pregnancy and its com- 
plications (2) infectious diseases, especially 
tuberculosis and syphilis, and (3 ) cancer. 

Our interest in serum antitryptic activity 
persists upon the hope that certain changes 
may be of value in the diagnosis or study of 
malignant disease. The method devised in 
this laboratory* has the advantages of speed, 
simplicity and reproducibility, making it a 

‘Present address: Department of Medicine, 
tTniversity of Arkansas School of Jtcdicine, Little 
Eock, Arkansas. 
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suitable tool for extended clinical stud 3 L The 
survey reported herein trill summarize our re- 
sults to date. 

Materials and methods. Our patients were 
unselected and included all those admitted to 
the M.D. Anderson Clinic during the interval 
of study. Whole blood samples of 3 cc each 
were drawn and transferred to centrifuge tubes 
containing 6 mg of cr 5 rstalline lithium oxalate. 
The plasma was obtained and serial dilutions 
with physiological saline were prepared ac- 
cording to the method previouslj’’ reported."* 
When a large number of plasma samples were 
to be run simultaneouslj’- we found that the 
procedure could be simplified by using onW 4 
dilutions (1:40, 1:80, 1:160, and 1:320). The 
linear segment of the sigmoid curve which e.x- 
presses the tryosine liberation, and is impor- 
tant in determining the unitage of antitri’psin, 
almost invariably fell within this range of 
plasma concentration. Normal, control values 
were established bj' determination of the ac- 
tivit}'' in the plasma of individuals who were 
clinicallj’’ free of disease. 

Of the 174 patients included in this series 
81 had some tjjie of malignant neoplasm. In 
38 there were known metastases, and in 10 
there ivas concomitant disease. .After e.vclud- 
ing 15 cases in which the diagnosis was not 
entireh' clear, the remaining 1 59 were grouped 
into the several categories shomi in Table I. 
More detailed anaij’sis of the case records 
failed to reveal other correlations of impor- 
tance. 

Results. In the tabulation of our results we 
have accepted 140 units of antitiyptic activi- 
ty per cubic centimeter of plasma as the upper 
limit of normal. .All our cases of acute infec- 
tion, pregnane}’ and fibrocystic disease of the 
breast showed values in the pathological range. 
Patients with chronic infections, cardiovascu- 
lar disease and diabetes showed antitryptic 
activity within the limits of normal. 'I he 
malignant diseases were not sharpl.v seg- 
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TABLE I. 

Vitamin B 12 Depletion Diet. 



g/100 g 

Purified casein 

18 

Cystine 

0.2 

Dextrin 

, 69 

Salt mixture Xo. 1 (U.S.P.) 

4 

Cellu-flour 

0 

Agar 

1.5 

Primex 

5 

CLO 

1 

Clioline 

0.1 

Sutfaguanidinc 

0,5 

Protamone (iodinated casein) 

0.05 

mg/100 g 

Riboflavin 

3 

Thiamine • HCl 

3 

Inositol 

20 

Xiacin 

3 

Pvridoxine • HCl 

5 

Biotin 

.01 

Folic acid 

.01 

Calcium pantotkenatc 

5 

p-Amino benzoic acid 

5 

Menadione 

0.5 


tended depletion. Groups of about SO tats are 
depleted at one time with about 16 rats to a 
cage. Following depletion, the rats are placed 
in individual cages unth raised floors. Six 
rats of mixed sex are used for each assay 
level. As a check on the rat assay, e.xperi- 
ments were run, using the dietary regimen 
and procedure for assay of the animal protein 
factor (zoopherin), as described by Zucker 
and Zucker."’ Following the preferred method 
described by these authors, we fed diet P60, 
based on 60% cottonseed meal to the mother 
rats during gestation and lactation, and to the 
offspring to 28 days of age when the curative 
assay was begun. Five male rats were used 
in each group. 

Oral vs. Injection Administration. Three 
vit. Bi 2 preparations studied were as follows: 
a concentrate of vit. Bjo, 25 ;xg per cc, sup- 
plied for investigational use by Merck and 
Company (designated Concentrate No. 1): 
a concentrate of vit. Bi; prepared in tliis 
laboratorj' (H.H.F.) to contain anj’ desired 
concentration of vit. B12 as determined by 
microbiological assay (designated Concentrate 
No. 2) and Cobione (^lerck), 10 /ig crystal- 
line vit. Bj 2 per cc. Ampoules of Concentrate 

Zucker, H. M., and Zucker, T. F., Arch. Bio- 
rhem., 1P4S, 10, 11;". 


No. 1 were used as the standard throughout. 
A lot of these ampoules was assayed micro- 
biologically by Eleanor Willerton in our lab- 
oratories against a lot of material distributed 
by Merck and Co. as a microbiological assay 
standard. By repeated comparisons, am- 
poules of Concentrate No. 1 were found to 
contain very close to 25 /rg of vit. B12 per cc. 

Experiments were devised to compare the 
activity of vitamin B12 added directly to the 
diet and given orally, or by injection, in single 
or multiple doses. For direct addition to the 
diet, solutions of vit. B12 at a level of about 
1 /ig per cc were mi.xed with about 20 g of 
starch. The starch was then dried in air at 
50-60° C and added to one kg of the basal 
diet. Results of assays wherein vit. B12 was 
added directly to the diet are shown in Table 
II. 

For comparison of oral versus injection 
dosage under conditions of multiple dosage, 
vit. Bjo solutions were made to contain from 
.33 to 1.0 ng per cc. Intramuscular injections 
and oral feedings of 0.23 cc per dose were 
then made 3 times weekly over the 2-week 
assay period at various assay levels. VTien 
comparing the effect of single oral or injection 
doses, appropriate critical concentrations of 
B]2 ■were administered the first day of assaj’ 
corresponding to a range of .025 to .075 /xg 
per rat day for the 14-day period. The results 
of the different modes of administration are 
shown in Table III. 

Experiments "were designed also to relate 
the activity of vitamin B]2 in a verj’ prelim- 
inary way with the labeled A.V.A.. potency of 
liver extract preparations of kno'wn clinical 
activity. The microbiological assay method 
of Skeggs, Huff, Wright and Bosshardt® pro- 
vided a further basis for correlation. Aseptic 
addition of the liver extract supplements to 
the microbiological medium was used to avoid 
destruction of the xdt. B32 which, according to 
Stokstad ct al.,~ occurs on autoclaving. 

The results of the comparison assays be- 

cSkoggs, n. £, null, .T. W., WriRlit, 

Bosskardt, D. K., J. Biol. C/icm., 194S, 170, 14.S0. 

" Stokstad, E. L. I?., Dornbusli, A. C., Franklin, 
A. Li., Hoffman, C. E., Hutekings, B. L., and 
.Tukes, T. H., Fed. Froc., 1049, 8, 257. 
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does not show changes in association with 
early or minimal lesions of cancer. 

2) The test may aid in excluding the diag- 
nosis of advanced but non-terminal malig- 
nancy, or in the discovery of these lesions 
when they present themselves in obscure form. 


3) Since antitrypsin values appear to be 
closely related to the growth of seminoma of 
the testis, it suggested that the test may have 
unique prognostic value in the study of this 
condition. 

Received August 3, 1049. P.S.E.B.M., 1049, 72. 


'Rat Growth Assay for Vitamin Bj.j. (17346) 

Douglas V. Frost, Howard H. Fricke, and Henry C. Spruth. 
(With the technical assistance of Harry R. Sandy and Albin Junnila.) 
Vrom the Abhoit Hcsearch Laboratories, K. Chicago, III. 


The method of assay for vitamin Bis herein 
described was developed using a diet based 
on purified casein. The diet was made to 
contain 0.05% iodinated casein (Protamone) 
as a metabolic stimulant and 0.5% sulfa- 
guanidine to inhibit bacterial synthesis of 
vitamins. Weanling rats, depleted on this 
diet for about 7 days, show a depression of 
growth rate rvhich is counteracted by ad- 
ministration of vitamin Bj. 2 . The rate of 
response rvithin a critical range is proportional 
to the amount of vitamin Bu administered, 
either as the purified vitamin or as concen- 
trates of the vitamin, such as liver extract. 

It is well known that liver extract and vit. 
Bi 2 show much higher activity by injection 
than by oral administration in the pernicious 
anemia patient. We were interested in the 
present study to determine whether a dif- 
ference could be shown between the effects of 
oral and intramuscular administration of the 
vitamin. We were interested also to deter- 
mine the comparative effects of single doses 
at the beginning of the assay period versus 
divided doses throughout the assay period. 
Following completion of these studies, Emer- 
son^ reported that vitamin B 12 is equally'' 
active by either the oral or subcutaneous route 
in daily doses ranging from 0.0625 to 0.5 
per rat day, somewhat higher than the range 

we have studied. , , . , , , 

Register, Riiegamer and Elvehje m- reported 

jn®., 1949, 70, 592. 


a quantitative response in rat growth in their 
assay in the range of 0.025 to 0.1 U.S.P. units 
per rat day in the form of commercial liver 
extract. Direct comparison unth vit. Bjj 
activity was not made in the Wisconsin report. 
We were interested to determine wii a 
sample liver extract whether 1 gg of vit. Bjs 
would correspond fairly closely by rat assay 
to I U.S.P. unit, a figure previously suggested 
by Rickes cf al.-* to be in approximately the 
correct range. 

Experhnoital. Weanling rats, 35-45 g, of 
mixed sex were placed on a vitamin B 12 low 
diet for depletion. The Bis depletion diet has 
the composition shown in Table I. In prelim- 
inary^ assay's S.M.A vitamin test casein was 
further purified by the method of solution and 
reprecipitation of Novak and Hauge.^ Later 
we found that vitamin test casein gave satis- 
factory results without further purification. 

The rate of weight gain is about 12-15 g 
during the second week on the depletion diet 
and diminishes to about one-half this rate 
during the third week of depletion. The de- 
pletion period used ranged from 7 to 14 days. 
The 7-day' period is preferred because of the 
increased mortality' which occurs on more cx- 

s Register, U. D., Riicg.nnicr, W, R,, .2 ti( 1 EI- 
velijcm, C. A., J. Siol, Chem., 1949, 177, 129. 

3 Rickes, E. L., Brink, N. G., Koniuszv, F. R., 
Wooil, T. R., .nnd Folkers, K., Science, 194S, 107, 
399. 

Xov.ik, A. P,, and n.’ingo, S. M., J. ISiol. 
Chclti.f 1947, 174, G47. 
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TABLE 




Avg n't gain and range 



2 wk, 

3 wk, 

4 wk. 

Exp. 

Supplement 

g 

g 

g 

Assay method of 

Xone 

44 

54 

74 (59- S4) 

Zucker and Zueker 

A*it. Bjo cone. Xo. 1, 5 /igAg diet 

153 

SO 

100 (S5-12S) 


Liver extr. Xo. 1, 5 U.S.P. uiiitsAg diet 

65 

SO 

9S (7S-116) 


Metliod in study 


Xone 

ATt. Bj; cone. iSTo. 1, = .05 pg daily (i.ni.)* 
Liver e.vtr. Xo. 1, + .05 E.S.P. unit dally (i.m.)* 


Avg 2 wk wt gain 
and stand, error, g 
17.7 ±2.7 
36.S ± 4A 
3A.G It 3.0 


Jletliod in study 


Xone 

Yit. Bj2 couc. Xo. 1, = .1 fig/day 
Liver estr. X'o. 1 := 0.1 U.S.P. unit/day (i.m.) * 
(Equal to .1 ttg Bj2 by L. leichmannii assay) 
Liver e.vtr. Xo. 2 = 0.2 E.S.P. unit/day (i.m.) * 
(Equal to .044 ng Bjo by L. leicltmanjiii assay) 


17.1 ± 3./ 

41.1 ±3.3 

44.5 ± 5 

34.5 ± 4.2 


* Injections made intramuscularly 3 times per aveek in doses to supply tlie daily equivalent 
sbown. 


from outside sources have not been tried. 

The depletion period following weaning 
must remain, to some e.vtent, a matter of 
judgment, depending on the condition of 
various lots of animals. It appears necessary 
to deplete the animals until the controls gain 
an average of only about 20 g during the 2- 
week period of assay. This has held true with 
a 7-14 day depletion in all but one of 12 
assays in this laboratory involving about 600 
rats. 

Xo significant difference has been noted be- 
tween the response of male and female rats in 
these studies, and precautions other than equal 
pairing as to sex do not appear necessary 
or desirable on the basis of convenience. .■Al- 
though there is considerable variation in re- 
sponse among individual animals, as shorni 
by the fairly high standard errors (Tables 
II-IV'), the significance of the results also 
appears high because of the distinct spread 
in increments between the control and test 
groups. In a few instances assar's have been 
extended for 3 weeks. In these cases the 
animal.s supplemented with vit. B52 con- 
tinued to gain at a steady rate, whereas the 
control animals showed a small and constant- 
ly declining rate of •weight gain, plus an 
increasing mortality. Occasional control rats 
gain weight rapidly without anv supplement. 
We surmise that these unusual' animals have 


a high rate of intestinal synthesis of vit. B12, 
similar to the fast growing rats described by 
Hartman, Dryden and Carj’,® and that neither 
the sulfaguanidine nor iodinated casein affect 
these particular rats nearlj- as much as they 
do the general run of test animals. In the 
above-mentioned single assay run in which 
the animals were not sufficiently depleted be- 
fore assay, the control group gained weight 
nearly as rapidly the first 2 weeks as the sup- 
plemented groups. The groups were contin- 
ued another week during which the sup- 
plemented groups gained considerably more 
weight than the controls, indicating that de- 
pletion of the control group had finally taken 
effect. 

Our findings are in accord with those of 
Lillie, Denton and Bird® with chicks indicat- 
ing that a single administration of vitamin 
Bjo at the beginning of assay meets the needs 
of deficient animals for growth for at least 
an ensuing 2-week period. Thus the assay 
may be simplified to involve only one adminis- 
tration of concentrated materials, sucli as 
liver e.xtract. which lend themselves to this 
technic. An advantage of the single dosage 
technic is found in supplying the deficient 

5- Ilarlinnii, M., BryAvii, L. P., and Cnr.v. 
C. A.. 7V<7. Pror.. 1.04.0, «, 205. 

■■•Liliu', n. .T„ Di'iitnii, C. A., and Bird. H. It.. 
.7. llinl. Chrm.. 104S. 170, 1477. 
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Rat Growth Assay for \'^itamin B^ 

TABLE ir. 

Direct Addition of Vitamin Bj, to tlie Diet 


Exp. 

Supplement 

Vit. Bjo* 
per kg diet; 

MS 

Avg 2 wk 
ivt gain and 
std. error,! 
S 

1 

‘ ICone 

0 

.21} 

' 39 ± 3.5 

53 3.7 

•19.-1 ± •1.2 


Cobione 

11 

1 } 

0 

10 

30 

2 

Kouc 

0 

17.G 0.3 


Vit. Bj2 concentrate ICo. 1 

5 

25.3 -+- 0.2 


Vit. Bjo concentrate No. 1 

15 

39.3 ± 5.5 

3 

None 

0 

IS.l -e 3.1 


Vit. Bjo concentrate No. 1 

10 

38.5 -+- 3.9 


Vit. Bjo concentrate No. 2 

10 

37.2 ± 4.3 


Vit. Bjo concentr.ate No. 2a 

10 

40.0 ± 2.2 


* The preparations used were checked for vitamin B ,2 content bv inicrobiolopical assav, one 
against the other, and against a Merck microbiological assay standard. See text. 


I 2d2 

t Standard error / . 

Vn(n— 1) 

i Only 3 of 0 rats survived. 


TABLE TII. 


'\’’itamin Bi; Assays — Injection and Oral Administration. 


Exp. 

Supplement 

Avg 4 ■wk ■U't gain 
and range, g 

, Assay method of 
Zucker and Zucker 

None 

Vit. Bjo cone. No. 1, 10 fig per kg diet 

Vit. Bjo cone. No. 1, = .05 fig daily by mouth* 
Vit. Bjo cone. No. 1, = .05 fig daily by inj.* 

Vit. Bjo cone. No. 2, = .05 fig daily by inj.* 

35.4 ( 31- 41) 
123.2 (113-140) 
110.1 ( 90-138) 

123.0 (108-140) 

115.0 (110-120) 

Metiiod in study 

None 

Vit. Bjo cone. No. 1, 0.35 fig inj. (single dose) 

Vit. Bjo cone. No. 1, 0.35 fig oral (.single do.se) 

Avg 2 wk wt gain 
and stand, error 
18.2 -t- 4.5 

20.0 -^- 2.9 

28.5 ± 5.5 

Method in study 

None 

Vit. Bjo cone. No. 1, = .033 fig daily by inj.* 

Vit. Bjo cone. No. 1, = .007 fig daily by inj.* 

Vit. Bjo cone. No. 2, = .1 fig daily by inj.* 

17.7 -t- 3.7 

27.3 - 4 - 9 

35 -+- 3.7 

41.1 -H .3.3 


* Injections and oral dosings — 3 times ■weekly to supply daily equivalent shown. 


tween vit. Bjo and 2 injectable liver extract 
preparations are shown in Table IV. The 
niicrobiological assay of Liver E.vtract Iso. 1 
indicated a vit. Bie content of one /rg per 
U.S.P. unit This value appears to be con- 
firmed by the rat assay. Liver Extract No. 2, 
which showed a minimal clinical response, was 
found to contain only .22 /<g of vit. B,s per 
estimated U.S.P. nnit by microbiological assay. 
Good aareement with this low value- was 
indicated by the rat assay response. A resume 


of experience in this laboratort' in the prep- 
aration of e.xperimental liver extracts for 
clinical trial has indicated in general that prep- 
arations low in vit. Bjo are correspondingly 
low in clinical activity. 

Discussion. An advantage of the method 
described herein is the ability to use animals 
weaned directly from mothers on stock diet, 
without special dietary control of the parent 
animals. This is true at least for animals 
reared in our own stock colony. IVeanling rats 
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ior of this material. 

Methods. Preparation oj materials. The 
mucoprotein fractions "R'ere isolated in the 
manner already described from perchloric acid 
aitrates of pooled, normal, human plasma, and 
in one case (Preparation No. 44) from the 
plasma of a patient with gastric carcinoma 
whose plasma mucoprotein-tjnrosine level was 
4.9 mg fo in comparison to normal levels of 
2-4 mg fo." We are indebted to Dr. IM. P. 
Petermann of the Memorial Hospital of New 
York City for the lyophilized sample of this 
plasma. Preparations were thoroughly dia- 
lyzed after isolation, and were tyophilized. 

Chemical characterization. The lyophilized 
samples were analj'zed for carbohydrate, glu- 
cosamine, nitrogen, and tyrosine! by the 
methods premously described.^ 

Electrophoresis. Samples were prepared for 
electrophoresis by dissolving them in the de- 
sired buffer, with subsequent dialysis against 
two portions of buffer for a period of at least 
24 hours in each portion of buffer. The tem- 
perature was S'C during the dialysis. 

In most cases a small amount of insoluble 
material was present, and solutions were cen- 
trifuged immediately before electrophoresis. 
In order to cover a n'ide range of pH values 
with eacli preparation, it was necessarj’’ to re- 
cover material from the electrophoresis cell 
and use it in subsequent measurements. Re- 
covered solutions were concentrated by plac- 
ing them in a dialysis bag and blorsing air 
over the bag at room temperature. This pro- 
cedure, and the limited amounts of material 
available, made it impractical to control the 
concentrations, so that there was considerable 
variation in protein concentration in different 
experiments. It also seems probable that some 
change in composition took place during re- 
pealed recovery' and concentration. This has 
contributed to the difficulty of identifying 
components at different pH values in some 
instances. 

The buffer systems were prepared with di- 
ethyl barbiturate, acetate, citrate or phos- 

eWinrler, It. .11, .ind"” Smvtli, tl., J. Clin. 

/flvrsf.. 194S, 27, CUT. 

t .\tthougli reported as tyrosine, it is rccognircd 
that t!>e Folin'.s phenol rcapent used is not sjwciGc 
for this amino acid. 


phate. All buffers were made to give a final 
concentration of O.OS 31 NaCl and 0.02 31 
with respect to the monosodium salt of the 
buffer system or the disodium salt in the case 
of phosphate. HCl was added to obtain the 
desired pH, so that the ionic strength was 0.1 
in each case e.\'cept at pH 6, where disodium 
phosphate was employed In this case the 
iom'c strength was correspondingly greater. 

Electrophoresis was carried out in an 11 
mi Tiselius cell at 2.0°C, with a potential 
gradient of between 5 and 6 volts per cm. The 
conductivities used to calculate the potential 
gradient were also determined at 2°C on the 
buffer used to fill the electrophoresis cell. The 
pH of the buffer, also determined after dialy- 
sis, was obtained with a Beckman pH meter 
at room temperature. 

The boundaries were photographed, general- 
ly after 3 hours, using the Philpot optical sys- 
tem,® and at a magnification of 1.05 to 1. 
The photographs were enlarged somewhat over 
2 times for making the required measurements. 

Experimental results. The preparations 
used in this study had the chemical character- 
istics shown in Table I. These preparations 
show the characteristically high carbohydrate 
and glucosamine content previously reported. 



Pig. 1. 

Elecfropborc.sis p.ittcrns of mucoprotein prepa- 
rations at pH 8.4. Descending boundaries. Prep- 
arations Ko. 14, Xo. 55. Xo. 50, and “pooled,” 
are from percbloric acid filtrates of pooled, normal 
plasma. The “Salt” preparation rvas prepared 
entirely by amraonium sulfate fractionation, and 
contains albumin. 

ttpiiilpot, .T. S. L., .Vofitrr. IMS, 141, CS3. 
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animals the full supplement at a time most 
conducive to overcoming the acute phase of 
the deficiency. 

The present data indicate that vit. Bjo is 
about equally effective by oral or injection 
administration in promoting growth of young 
rats on highly specialized depletion diets. The 
deficiency of vit. Bjo induced in rats by these 
rather extreme dietary means does not, there- 
fore, appear to evoke a failure in utilization of 
the vitamin, but rather a true deficiency and 
enhanced need for the vitamin itself. 

The following additions to the diet failed 
to yield a comparable growth response, and 
even appeared (to have an inhibitory effect: 
5-10% purified casein, 5-10% of various 
primary-groira and brewer’s yeasts, and ad- 
ditional folic acid. The addition of thymi- 
dine, 25-50 mg per kg diet, betaine hydro- 
chloride 0.5%, or additional choline 0.1% 
likewise did not stimulate growth in absence 
of vit. Bi 2 . 

The growth promoting action of vit. Bio 
in rations containing iodinated protein has 
recently been reviewed.^® Betheil and Lardy” 
have further compared the effectiveness of 
vit. Bis, whole liver substance and extracts 
high in APA activity, as growth promoting 
materials for hyperthyroid rats. The ration 
used by these authors was also based on puri- 

10 A~vtrit! 0 !i Seviews, 1949, 7, 1S3. 

11 Betlieil, J. J., and Lardy, H. A., J. Kutriiion, 
1949, 87, 495. 


fied casein, but did not contain a sulfa drug. 
It is worthy of note that mortality is high 
among our control animals and that death is 
generally preceded by appearance of hemor- 
rhage about the nose and paws. Vit. Bj; 
clearly prevents this syndrome and has a 
marked effect toward longevity under the 
dietary conditions imposed. 

The question of the equivalence of vit. Bij 
with U.S.P. anti-pemicious anemia units can 
only be answered by assays in human perni- 
cious anemia patients. Microbiological and 
animal assays may serve as a useful guide, 
however, toward this goal. The data pre- 
sented provide some evidence that concen- 
trated liver extracts which show a correlation 
by microbiological assay of 1 U.S.P. unit ap- 
proximately equal to I /xg of vit. Bjo, show a 
similar approximate equivalence by rat assay. 

Summary. The growth response of vit. Bjj 
depleted rats under the conditions studied 
is proportional to the vit. B 12 administered in 
the critical range of .025-.1 ixg per rat day. 
Oral and injection administration of the vita- 
min at critical levels yield approximately equal 
growth responses. Addition of the vitamin 
to the diet, multiple dosing or single dosing 
the first day of assay also appear roughly 
equivalent. preliminary correlation between 
the results of microbiological and rat assays 
as applied to injectable liver extracts was ob- 
tained. 

Beccivcd August 4, 1949. P.S.E.B.^^., 1949, 72. 


Mucoproteins of Human Plasma. III. Electrophoretic Studies of Muco- 
proteins from Perchloric Acid Filtrates of Plasma.* (17347) 

John W. Mehl, Jane Humphrey, and Richard J. Winzler. 

From the Department of Biochemistry and Nutrition, University of Southern California School 
of Medicine, and the Los Angeles County General Hospital, Los Angeles, Calif. 


It has been shown‘ that the “proteose” of 

* The electTophoresis studies were supported by 
a graut from tlie United States Public Ilealtii 
Service and tlie isolation studies were supported 
by the American Cancer Society. Contribution 
No from the Department of Biochemistry and 
Nutr'itiou, University of Southern California, 
School of Medicine. 


human plasma is a mixture of mucoproteins 
with isoelectric points which are low in com- 
parison with those of the principal plasma 
proteins. The present communication deals 
in more detail tvith the electrophoretic behav- 

1 Winzler, H. J., Devor, A. W., Mehl, J. Vi., and 
Smyth, I. M.. J. Clin. Inrrst., 194S, 27, fi09. 
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TABLE I. 


Preparation 

.Source 

Ticld 
mg/100 ml 
plasma 

Xitrogen. 

97 

Glucosamine, 

9c 

Carbohydrate, 

7c 

Trrosine, 
■ 7c 

Xo. 14 

Human, normal 

3S 

8.1 

10.1 

15.6 

3.9 

Xo. 44 

’ cancer 

100 

7.5 

8.9 

10.3 

3.9 


Human, normal 

28 

9.0 

9.1 

1.5.7 

4.3 

Xo, 50 

J* JJ 

32 

7.1 

8.1 

13.0 

3.4 

Pooled* 

fy yy 

— 

8.3 

9.8 

14.3 

3,0 

Salt frnct.t 

• « J J 

72 

7.25 

7.0 

13.2 

,3.1 


* Five separately isolated lots w'cre pooled for tliis sample. 

i Contained 31*}^ albumin by elcctrnpliorcsis, assuming equal refractive incrcnicnts ]ier g of albu- 
min and MP-1. 


about 2.3 in citrate buffer. 

At pH S.4. some material slower than MP-1 
is always seen, and at pH 4.5 there is gen- 
erallj’ a considerable amount of material with 
a mobility of about -2.3 x lO”^. This material 
which we have designated MP-2, has an 
isoelectric point at about pH 3.4. From the 
analytical data, it must also be a mucoprotein. 

The material designated as JIP-3 might 
conceivably be contaminated with albumin. 
The mobility is not very different from that 
of albumin in this buffer, and the broad peaks 
for MP-3 would generally overlap the mobility 
for albumin at pH 4.5. Small amounts of 
albumin might also contribute to the broad- 
ening of the electrophoretic peaks at pH 8.4. 
However, preparation No. 56 could not con- 
tain enough albumin to account for the peak 
observed at pH 4.5. Pending the isolation of 
more homogeneous preparations, the status 
of this component must remain in considerable 
doubt. The isoelectric point, however, is in 
the region of pH 4.3. 

It is clear from the study of these prepara- 
tions that mucoprotein components MP-1 
and MP-2 should be demonstrable b}' elec- 
trophoresis of plasma at a suitable, more acid 
pH than is generally employed. Such a study 
has been made by Petermann ct al.,'’ and fur- 
ther studies in this direction are being pre- 
sented in paper IV of this series.'"’ 

The sample isolated from a patient with 

M. 1«.. K:,rn<.v.sky,'T).~.. and 
Hiifjncs'!, K, K,, Cttttcrr, ]!)4S. 1, 104. 

Mcht. ,1. W., Goliicn, F., amt Winzli-r. K. J., 
I Km'. So(’. Lxi*. Ilioi,. 1040 . 72. 110. 


cancer (No. 44) presented essentially the 
same characteristics on electrophoresis as did 
the pooled sample. The similarity with re- 
spect to proportion of components was greater 
than the analytical data would have led one to 
suspect. This case, at least, would indicate 
that the increased amount of mucoprotein in 
cancer represents an increase in normal com- 
ponents rather than the appearance of an ab- 
normal component. 

.Although the groups responsible for the 
low isoelectric points of these mucoproteins 
have not been identified, it seems likely that 
the}’ are at least in part sulfuric acid ester 
groups. Sulfur in e.xcess of that accounted 
for by cystine and methionine has been ob- 
served in preparations of mucoprotein from 
rat blood,'’ horse serum," and human plasma.' 

Summary. The electrophoretic behavior of 
mucoproteins isolated from perchloric acid 
filtrates of human plasma has been studied 
over the pH range of 2 to S.4. There are at 
least 3 electrophoretic components in such 
preparations, the isoelectric points being ap- 
proximately 2.3, 3.4 and 4.3. The major com- 
ponent has the lowest isoelectric point and 
travels with a mobility characteristic of oti- 
globulin at pH 8.4. The increase in the muco- 
protein level isolated from the plasma of a 
patient with gastric cancer was largely in this 
acid mucoprotein fraction. 

fi Winzler, H. . 1 ., Burk, 1 )., .J. Xnt. ('nncrr 
lu-ct.. ]n44. 4. 417. 

- Jlayer. K., f. P/it/.vioI. Chcm., 1P4'J. 27Ci, IG. 
Ri-ocivi'd .\ugu?t 4. 1040. F.S.E.B.M., 1040. 72. 
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Elcetroiihorpsis patterns of mueoprotcin prep- 
arations at pH 3 and 4.5. Boundaries descending 
'toward the anode. 


The electrophoresis patterns of the descending 
boundaries obtained on some of the prepara- 
tions from human plasma are reproduced in 
Fig. 1 and 2. In the patterns of Fig. 1, ob- 
tained at pH 8.4, is included the pattern of 
a preparation made entirely by ammonium 
sulfate fractionation without preliminary de- 
proteinization with perchloric acid. Although 
this preparation contains 31% albumin, it 
does demonstrate the greater degree of homo- 


geneity which can be obtained with respect to 
the major miicoprotein component (MP-1) 
by such a fractionation procedure.^ In Fig. 
2, obtained at pH 3.0 and 4.5, are indicated 
components which we have designated as 
MP-1, lMP-2, and MP-3. At pH 6 and 
higher, the resolution into well-defined com- 
ponents is less satisfactory and -jve have only 
indicated the position of lMP-1 m Fig- 1- 
In Fig. 3 we have attempted to present the 
nH-mobility curves for the descending boun- 
daries of these components. Although we feel 
reasonablv well satisfied I^'ith the genera 
characteristics in the region b^low a pH of 
about 5.5, the uncertainty regarding MP-2 and 
MP-3 at higher pH’s has been indicated m 

Human plasma mucoprotein 

prepared by t^p;j;irni^;T -01^^ 

Sn^least 3 electrophoretically difiercnt 

-.tms 
Sra Mil 


components, and the spreading of the boun- 
daries suggests that the degree of heterogen- 
eity is even greater than this. The proportions 
of the 'components vary considerably from 
preparation to preparation, and despite the 
rather drastic initial treatment with perchloric 
acid the preparations may be somewhat modi- 
fied when solutions are repeatedly recovered 
b}' evaporation at room temperature. Because 
of these limitations, conclusions must be 
drawn ivith some caution. The preparations 
labeled No. 14, No. 55, and “pooled” are the 
most tjTiical of preparations which we have 
presented for discussion. The analytical values 
which are given in Table I are in reasonablj’’ 
good agreement for these three. Preparation 
No. 56 had the least tj^iical electrophoretic 
behavior and had the lowest values for glu- 
cosamine, carbohydrate, and tyrosine, except 
for the material prepared exclusively by salt 
fractionation, which contained 31 per cent 
albumin. 

The one component which is seen in all 
preparations, including the “salt” prepara- 
tion is MP-1. This material has a mobility 
of -6.4 X 10'“ cm- sec"* volf^ in the descend- 
ing b 9 undary at pH 8.4, and would appear in 
the ai-globulin fraction of serum at this pH. 
This component is still strongly negatively 
charged at pH 4.5, and is isoelectric at a pH of 



Fin. .a. 

MoWIitv of mucoproti'iii i-oniponciit? .t; .1 ftioc- 
Ifiii of pH. Identific.'ition of compononls other 
lim MF-1 is uiicertniii nbovo pH 0, -ond this .-iro.n 
f' uncertainty is indic.-ifed by onplo-tng it m the 
ott^d lines.' Principally because of the spread 
f pe.aks, niobililie.s at all pH values are .subject 
[, considerable error. 
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Pig. 2. 

Electrophoresis patterns, ascending and descend- 
ing, at pH 4.5, of serum from a patient ivith pneu- 
monia. The designation of the components is 
shown. 



Fio. 3. 

Electrophoresis patterns, descending to the 
cathode, at pH 4.5. The 3 upper patterns arc from 
patients with pneumonia, the 3 lower patterns 
from patients with cancer. The value for JIPT is 
that for the mucoprotein-tyrosine in mg^. 

areas of boundaries in the electrophoresis pat- 
tern. 

Experimental results. Electrophoresis at pH 
S.4. In order to show that the mucoprotein 
does contribute to the ai-globulin fraction, a 
sample of normal plasma was subjected to 
electrophoresis with and without added muco- 
protein. The mucoprotein fraction used for 
this study was one isolated by ammonium 
sulfate fractionation and consisted only of 
the fraction designated as iMP-l,^ contamin- 
ated with some albumin. The electrophoresis 
patterns obtained in this e.vperiment are shown 
in Fig. l-.-\ and 1-B, and it is apparent that 
the mucoprotein does indeed increase 

the ai-globulm fraction at pH S.4. 


Electrophoresis at pH 4.5. On the basis of 
the results obtained with the isolated muco- 
protein, a pH of 4.5 was selected as being 
suitable for the demonstration of the mucopro- 
tein in serum. In Fig. 2 are reproduced the 
ascending and descending boundaries obtained 
in the electrophoresis of serum from a patient 
(HUM) with pneumonia, indicating the di- 
vision into components which we have em- 
ployed, and their designations. We have 
designated the 2 acid components as hl-l 
and M-2 and the globulins as a, b, and c. The 
separation of the peaks is generally better in 
the 'boundary in which the globulins are de- 
scending and mucoprotein is ascending and 
onl}’- this boundary is given in the electro- 
phoresis patterns of Fig. 1 and 3. Although 
the e.vample in Fig. 2 is not the most satis- 
factor}' for illustrating the presence of com- 
ponents a, b, and c, an inspection of the pat- 
terns in Fig. 3 will indicate that such a division 
is justified. The acid components jM- 1 and 
M-2 are clearly evident in Fig. 2. The 
amounts of M-1 and M-2 are considerably 
elevated over the normal levels (compare 
Fig. 1-C). This has been true of all cases 
studied in which the chemical determination 
showed an elevation of the mucoprotein. 

The electrophoresis pattern of the same 
normal serum which was used at pH 8.4 is 
shown at pH 4.5 in Fig. 1-C. As with the 
pathological serum of Fig. 2, there are two 
components corresponding to ^I-l and ^1-2 
but in considerably smaller quantities. In 
Fig. I'D is shown the electrophoresis pattern 
at pH 4.5 of this same normal serum with the 
addition of the same mucoprotein preparation 
employed at pH 8.4. !M-1 is increased, and 
M-2 is unchanged, suggesting that the iMP-1 
fraction of isolated mucoprotein may be iden- 
tified with the M-1 fraction in serum. The 
mobility of -4.2 x ICH" (in the ascending muco- 
protein boundary) is in good agreement with 
that obser\'ed in the isolated mucoprotein. 

In Fig. 1-E the electrophoresis pattern of 
serum from a patient with cancer is presented, 
and in Fig. 1-F the same serum with muco- 
protein added. In this case, the mucopro- 
tein was isolated from a perchloric acid fil- 
trate of plasma by the method previously de- 
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Mucoproteins of Human Plasma. IV. Electrophoretic Demonstration of 
Mucoproteins in Serum at pH 4.5.’‘ (17348) 

John W. JIehl, Florence Golden, and Richard J. IVinzler. 

From Hie Scparlment of Siochcmislrp ana ^'^ttTition, University of Sonthern California School 
of Medicine, and the Los Angeles County General Hospital, Los Angeles, Calif. 

iNIucoproteins in human plasma have been previously described.^ All electrophoresis 
isolated and characterized chemically,^ their measurements were made at 2°C at an ionic 
increase in cancer has been discussed,^ and strength of 0.1. At pH 8.4, the buffer was 
the material isolated from plasma has been diethyl barbiturate, and at pH 4.5 the buffer 
studied electrophoretically.® It w'as shown was acetate. In both cases, the ion and un- 


■that in the usual electrophoresis pattern at 
pH 8.4 much of the mucoprotein should mi- 
grate with the ai-globulin, and would thus be 
included with any other material which con- 
tributes to the aj-globulin fraction. It was 
found, hoAvever, that the isoelectric points of 
the fractions contributing to the isolated mu- 
coprotein were quite low, and that they would 
all remain negatively charged at pH 4.5. Such 
a pH would, then, appear more suitable for 
the electrophoretic demonstration of these 
mucoproteins in serum. It has been shown 
by Petermann et al.^ that there is an acid 
component in human serum which may be 
demonstrated by electrophoresis at pH 4.0, 
and which increases in amount in those con- 
ditions in which the mucoprotein has been 
shown to be increased. They have suggested 
that this electrophoretic component may be 
the same mucoprotein as that with w’hich vre 
have been concerned, and the present studies 
were intended primaril}' to determine the e.x- 
tent to which such an identification can be 
made. 

Methods. The methods employed in the 
electrophoresis studies were the same as those 

* This study was supported by a grant from the 
U. S. Public Health Scrrdcc. Contribution No. 
225 from tlio Department of Biochemistry and 
Nutrition, University of Southern aalifoniia 
School of Medicine. 

iWinzlor, E. .T., Devor, A. W., Mchl, J. W., and 
Smyth, I. M., 3. Clin. Invest.. 194S, 27, 009. 

2 Winder, E. J-, Smyth, I. M., J. Clin. 

Invest., 1948, 27, 017. , tt- i nr 

3 Mehl .T. AV., Humphrey, .T., and Winder, E. J., 

Pitoc Soc, Hxr. Biol, and Mf.i>.. 1949, 72, 100. 

4 Petermann, M. P-, Karnovsky, D. A., and 

Hogness, K. E., Caneer, 1948, 1, 104. . 


dissociated acid of the buffer had a total 
concentration of 0.02 ]M. The pH is that de- 
termined at room temperature. Serum samples 
were generally diluted to 6 times their original 
volume, and thus had a total protein concen- 
tration in the neighborhood of one per cent. 
The patterns were photographed after 3 hours. 

At pH 4.5, some precipitate forms during 
dialysis, and is removed before electrophoresis. 
The nature of this precipitate and its effect 
upon the electrophoresis pattern has not been 
thoroughly investigated, but the amounts of 
protein involved are small. Where protein 
concentrations are reported subsequently, they 
have been calculated from the total protein 
concentration of the serum, and the relative 
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Electrophoresis p.stterns at pit 8.4 .and pH 4.5. 
Boundaries descending to anode at pll 8.4, de- 
scending to cathode at pH 4.5. 

A. Normal plasm.a at pH 8.4. B. Same normal 
plasma at pH 8.4 with mucoprotein (MP-1) added. 
C. Same normal plasm.a at pH 4.S. D. .Same nor- 
m.al jihasma at pH 4.5 with mucoprotein (AfE-l) 
addei E. Serum from cancer patient at pif 4.5. 
F Same cancer serum at pH 4.5, with mucoprotein 
added (MI’-l, Mr-2, and .AfP-.l). 
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TABLE II. 

Eleetroplioretic Analj-sis of the Sew of 3 Patients, GAAI, BER, and HTJAI. The concentrations 
are calculated from the total serum protein, assuming that the refractive index increment is the 
same for all components. The mucoprotein nitrogen represents the difference between that in 
perchloric acid and tungstic acid filtrates.* 




Concentration g/100 

ce 

pH 

Component 

G.AM 

HEM 

BEE 

8.4 

Albumin 

3.3 

2.9 

2 2 


ai-globuliu 

0.3 

0.0 

0.4 



— 

‘ 

o.s 


ao~ ’ * 

1.0 

1.0 

1.1 


” 

0.6 

0.6 

0.7 


T ” 

0.9 

1.2 

1.3 

4.5 

M-l 

0.3 

0.1 

0.2 


M-2 

0.4 

0.5 

O.S 


-Albumin 

2.9 

3.4 

3.0 


a 

0.7 

0.5 

0.6 


b 

0.9 

0.5 

0.0 


c 

1.1 

1.2 

1.1 

Mucoprotein 

— M X 12.0 

0.29 

O.IS 

0.34 


* The material designated o,-globulin is an abnormal component migrating between the 
ay- and ao-globulin. 


Electrophoretic Isolation oj M-l. Since 
the M-l component becomes well separated 
from other components of serum at pH 4,5, 
it is well suited to electrophoretic separation. 
An experiment was carried out in which serum 
was undiluted, e.\cept for the dilution taking 
place during dial 3 'sis, and in which electro- 
phoresis was carried out in an 11 ml analytical 
Cell with 2 center sections. Electrophoresis 
was carried out, with compensation, until the 
ascending boundary of the M-l component 
had nearly reached the top of the cell, and 
the ascending M-2 boundary was below the 
middle junction of the cells. One half of one 
channel of the cell could then be isolated, 
containing AI-l alone. This material was 
subjected to chemical analysis, with the results 
given in Table III. There can be no doubt 
that the material represented by the M-l peak 
at pH 4.5 has the same general chemical 
characteristics as the mucoprotein isolated 
from perchloric acid filtrates of serum or 
plasma. 

Discussioii.^^The identitj’ of the AI -1 com- 
ponent of the electrophoresis pattern of serum 
at pH 4.5 and the fraction of the isolated 
mucoprotein which we have designated as 
^IP-1 seems to be adequatelj’ established bv 
the e.\-periments presented. The addition of 
the isolated material to serum has confirmed 
the identitj' of the electrophoretic mobilities. 


T.ABLE III. 

.Analvtieal Values for Electropborcticaily 
Isolated M~l. 


Tyrosine 

7.0 mgVe* 

Carbolivdrate 

34.4 ” 

CHO/f 

4.5 

Xitrrgcn 

16.2 mg% 

Glucosamine 

2S.5 ” 

CHO/G 

1.2 


' These refer to eoncentration in the solution 
removed from the cell. 


and the material isolated by electrophoresis 
has been shown to have chemical projjerties 
similar to the material isolated b\- fractional 
precipitation. 

The nature of the M-2 component of the 
electrophoresis pattern of serum at pH 4.5 is 
not established. The mobilitj* does not cor- 
respond entireh' tvith that of an\- compwnent 
of the isolated mucoprotein. The increase in 
the M-2 component resulting from the addition 
of isolated mucoprotein containing fractions 
other than MP-1 would suggest that M-2 is 
also a mucoprotein. The association of increas- 
es in AI-1 and 31-2, and the rather low isoelec- 
tric point of M-2 would point in the same di- 
rection. but certainly nnthout being conclusive. 
The solution of the problem will require the 
isolation of a homogeneous preparation which 
has the electrophoretic properties of M-2 bv* 
itself or on addition to serum. The isolation 
of such material is now being investigated. 
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TABLE I. 

Aiialytiual Values .Obtaineil on Pereliloric Acid PiltraJes from (lie Sera of 3 Patients, GAM, 
BUR, and HUAI. Ofmcentration.s arc exjmessed as mg per 100 cc of original serum, .and were 
obtained by the methods previously described.! Average values of the ratios of carbohydrate: 
tyrosine (UHO/T) and carbohydrate.-ghieosamine (CHO/G) obtained on mucoprotein isolated 
from normal human plasma! are given for comparison. 


Sample 

TjTosino, 

mg^ 

CHO, 

mg^o 

CHO/T 

mgi/c 

Protein 

(Biuret) 

uigUe 

Glucos- 

amine, 

nig7e 

CHOAi 

GAM carcinoma 

9.T 

.52.0 

.5.3 

23.5 

240.0 

33.5 

1.55 

BUR (pneumonia) 

10.8 

55.0 

5.1 

27.5 

270.0 

33.5 

1.64 

HUM (pneumonia) 

5.7 

27.5 

4.8 

14.5 

— 

21.0 

1.31 

Hormal 

— 

— 

3.6 

— 



— 

1.27 


scribed^ and contained in addition to AIP-l 
the slower components (MP-2 and MP-3) 
seen in these preparations.^ The addition of 
such material to serum is seen to result in 
an increase in both the M-1 and M-2 fractions 
of the resulting mixture. The mobility of the 
jM-1 fraction in serum corresponds closely 
with that of the MP-1 component of isolated 
mucoprotein. The mobilit}'- of the AI-2 
fraction of serum, however, (-1.4 to -2.0 x 
ICh^) does not agree with the mobility of 
either the MP-2 (-2.4 to -2.8 x 10-=) or MP-3 
(-0.5 to -1.2 X 10-=) of the isolated prepara- 
tions. \\Tien such preparations are added 
to serum, we have been able to find satisfac- 
tory' correspondence only between the mo- 
bilities of the M-I and AIP-l fractions. 

The relation of the electrophoretic com- 
ponents M-1 and M-2 to chemically deter- 
mined nntcoprotein. Electrophoresis patterns 
■of a number of pathological sera at pH 4.5 
are shown in Fig. 3. It udll be seen that an 
increase in M-2 is found to accompany an 
increase in M-1 in either carcinoma or pneu- 
monia. In each instance, the level of muco- 
protein-tyrosine (MPT) in mg percent m 
the original plasma== is also indicated. The 
mucoprotein-tyrosine is between 9 and 1 1 mg 
percent in all cases except that of BAR, where 
it is 4.5. Inspection of the electrophoresis 
patterns will make it evident that the area of 
the lM-1 peak is about the same in all except 
that of BAR. and that there is at least a 

rough correspondence between the anjnt of 

AI-1 and the MPT. The amount of M-2. 
iowever, does not seem to bear any quanU- 
tative relationship to the amount of MPT. 
"Ilrum samples from three pat.en s -re 
studied in somewhat greater detail. Suffici 


serum was obtained in each case to carry out 
the electrophoresis at pH 8.4 and pH 4.5; 
to prepare perchloric acid filtrates for the 
determination of the mucoprotein-tvTosine, as 
well as the carbohydrate, nitrogen, glucosa- 
mine, and the value of the biuret reaction.* 
The results of the chemical analy'ses of the fil- 
trates are given in Table I, together with the 
ratios of carbohy'draterty'rosine and of carbo- 
hydrate;gIucosamine'for these filtrates and for 
the mucoprotein isolated from normal plasma. 
In Table II the amount of each electrophoretic 
component is calculated and compared with 
the amount of mucoprotein indicated by the 
chemical determination. This calculation is 
based upon a nitrogen content of 7.9%, de- 
termined upon the isolated mucoprotein. It 
must be recognized, of course, that the ac- 
curacy with which the areas of the small 
electrophoretic peaks for M-l can be deter- 
mined is not great, and -that the translation 
of these areas into concentrations involves the 
assumption that the mucoprotein would have 
the same refractive index increment as that 
of tlic other serum proteins. It seems reason- 
able to conclude, however, that the agreement 
between the electrophoretic and chemical 
values indicates that the chemical determina- 
tion is primarily a measure of M-1. Certain- 
ly, the sum of M-1 and AI-2 is too great to be 
accounted for by the material in the per- 
chloric acid filtrates. 

In comparing the results of the electrophor- 
esis c.xperiments at pH 8.4 and 4.5, it is seen 
that AM does not e.vceed -globulin in any of 
these cases, but may be considerably smaller 
(as in the case of HUM). On the other hand, 
the amount of M-1 plus M-2 may he consid- 
erably larger than the amount of arplribuhn. 
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Fig. 1. 

Effects of ion transfer on the cutaneous adrenergic blocking activity of Dibenamine. 



26 1.3 ^6 385 82 164 26 U 2.6 385 82 164 26 13 2.6 385 82 164 

MICROGRAMS SY-28 PER SQUARE CM. 


* sr>2« D «Y-2i WITH CURRENT 
EXPOSURE Time , 5 M5H. 

CURRENT PCNSrrt, 033 MX. PW CXI? 

Fig. 2, 

Effects of ion transfer on the cutaneous adrenergic blocking activity of SY-2S. 


imum in 30 minutes and manifested itself by 
a circular area of blanching. 

The diameters of the blanched skin were 
measured and the areas computed. These 
areas were then weighted for intensity of vaso- 
constriction. This was accomplished by arbi- 
trarily recognizing four degrees of response 
and assigning an intensity number for each 
degree. Full, faint, very faint, and no vaso- 
constriction, (i.c. complete blocking), were 
assigned the numbers 3, 2, 1 and 0 respective- 
ly. The area multiplied by the intensitv 
factor jnelded a weighted area of vasocon- 
striction. The percentage of blocking was 
then easily obtained mathematically by com- 
paring the treated sites with the control sites. 


The results were analyzed statistically by the 
method of paired comparisons. After calcu- 
lating the statistic “f", the probability value 
“P’’ was obtained from Fisher’s ‘‘t” table. 

Hestills. The data obtained for Dibena- 
mine and SY12S are illustrated in Fig. 1 and 
2. Since the absolute amount of drug present 
in the skin following e.vposure was unknown, 
the values plotted along the abscissae were 
the amounts actually applied to the skin. 

Dibenamine produced complete blocking of 
epinephrine at a dose of 416 fig per sq cm 
whereas SY-28 produced the same eilect with 
82 fig per sq cm. Under these conditions 
SY-28 was appro.vimately 5 limes as potent as 
Dibenamine in blocking epinephrine. The ap- 
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Summary. 'When serum is subjected to 
electrophoresis at pH 4.5, two components are 
seen which have isoelectric points more acid 
than those of albumin. One of these has been 
identified with a mucoprotein which has been 
shouTi to increase in amount in cancer, pneu- 


monia, and certain other diseases. The sec- 
ond component, with a less acid isoelectric 
point, may also be a mucoprotein, but this 
point has not been definitely established. 


Received August 4, 1949. P.S.B.B.JI., 1949, 72. 


Effect of Adrenergic Blocking Agents on the Cutaneous Action of 
Epinephrine. (17349) 


Jules H. Last, Arthur Rodriguez, and Isadore Pitesky. 

From the Departments of Fharmacotogy and Physical ilcdicinc, University of Illinois, College 

of Medicine, Chicago, Jit. 


Adrenergic blocking drugs are of clinical 
interest in the treatment of conditions charac- 
terized bj' the element of vasospasm, such as 
earlj’- Buerger’s disease, Raynaud’s disease 
and causalgic states. It was felt that by the 
direct diffusion or by ion transfer through the 
skin, it would be possible to avoid the general- 
ized toxic manifestations encountered by way 
of the parenteral route,^ The adrenergic block- 
ing agents selected for this study were N-(2- 
chloroethyl) dibenzylamine hydrochloride 
(Dibenamine) introduced by Nickerson and 
Goodman- and N-(2-bromoethyl)-N-l-naph- 
thalenemethylamine hydrobromide (SY-28) 
introduced by Loew and Micetich.-"’ Prior to 
application in the human, data were obtained 
in a group of albino rabbits. 

Methods. Albino rabbits weighing 2.0 to 
4.5 kg were used. The abdomen and thorax 
of the animals were depilated with a special 
sulfide-detergent mixture^ 24 hours prior to 
use. Solutions of Dibenamine and SY-28 in 
propylene glycol were freshly prepared prior 
to each experiment. Four-tenths ml of these 
solutions or of solvent controls were applied 
to rectangular strips of asbestos paper 1.25 


iHecht, H. II., and Anderson, R. 13., .4 m. J. 

\Ird., 1947, 3, 3. t c t> < 

2 Nickerson, M., and Goodman, D. S., Proe. Am. 

-fd. C!in. Pcsearch, 1945, 2, 109. 
sLociv, E. R., and Miceticii, A., Fed. Proe., 

TpUc’sS,^'l., and I^ast, X II., Scienee, 1948, 


108, G57. 


by 12.5 cm in size. This amount of solution 
was sufficient to saturate the pads. The 
strips were then applied to the abdomen in 
4 parallel sites in the following order: solvent 
without current, solution containing the drug 
without current, solution containing the drug 
plus current, solvent plus current. Two to 
four rabbits were used at each of the various 
concentrations of blocking agents studied. 
Since the active portions of both Dibenamine 
and SY-28 are cationic, the anode of a suitable 
direct current source* was used to transfer 
the agent into the skin. A current density of 
0.33 ma/cm- or a total current of 5.2 ma was 
emp] 03 'ed. This dosage of current was arbi- 
trarily selected as being just below the pain 
threshold for human skin and was well toler- 
ated by the rabbits. The solutions were 
placed in contact with the skin for exactlj' 5 
minutes with or without current. Immediate- 
Ij’- following the 5 minute application, the 
asbestos pads were removed and the blocking 
agent wiped off with propjdene gl 3 Tol. 

To measure the adrenergic blocking activi- 
t 3 ' of the treated sites, O.I ml of 1:1,000, 
1:10,000 and 1:40,000 epinephrine solutions 
were injected intracutaneousl 3 ' 30 minutes 
following application of the blocking agents. 
■An equal amount of ph 3 ’sioIogical saline 
served as a control. The injection sites were 
randomized. Vasoconstriction reached a ma.\- 

• A Jtcliitosli W.nll Plate wa.^! imcil. This 
iiiai’liiiie is manufacture'll bv the Mclntosli Elec- 
trical Curp.. CIiicaRO, III. 
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Stripping Film Technic for Radioautographs. (17350) 

A. M. MacDonald,* Jock CoBB,f A. K. Solomon and D. Steinberg^ 
(Introduced b}' E. M. Landis.) 

From the Bioph^xieal Loioratori/, Harvard Jledical Schooi, Boston, Hass. 


The method of radioautography for locali- 
zation of radioactive tracers in tissues is find- 
ing increasingly broad application as a new 
approach to histochemistrj’. One of the po- 
tential hazards in connection with all histo- 
chemical technics, including that of radio- 
autography, is the leaching out or displace- 
ment of material under investigation which 
may occur as a result of tissue processing or 
staining. For e.\-ample, studies at this labora- 
torj-' on radioautographic localization of P^' 
in brain tissue have shown that marked losses 
of the tagged element are incurred in the 
course of fixing and staining for routine paraf- 
fin sections. Perhaps the surest way to avoid 
artifacts of this nature is to use completely un- 
processed frozen material for the radioauto- 
graph e.\posure. omitting all fixing and stain- 
ing until after the autograph has been com- 
pleted. .\n advantage of the method to be 
described is that it not onh- makes such post- 
staining possible, but also makes the staining 
process quite independent of the radioauto- 
graph development, .-^s a result, the tissue 
may be stained by any of the well-documented 
histochemical technics as adjunct to or con- 
trol of the isotope localization. .An outline 
of the technic and an e.xample of its applica- 
tion has been described in a preliminary re- 
port from this laboratory.- Similar applica- 
tions of stripping film have also been reported 

* Now at tlie Dei>artment of Pathology, L'liiver- 
sity of Edinburgh, Si.otland. 

1 Now at Graee-Ncw Haven Coininunitv Hospi- 
tal, New Haven. Conn. 

; r. !?. Public Health Service Keseareh Fellow, 
National Institute of Health. 

1 Steinberg, 1>., ,-iml .Selvcrstone, B., unpublished 
data. 

- M.icHoiuld, M.. Cobb, .lock, and Solomon, 
A. K., Seidur, IPfS, 107, aSO, 

•■>Pele, .S. R., .V.itiire, 1347 , joo, 749: Bo.rd, 
G. A., and tVilVu.m's, A. I., Proc, § 0 ^. 

-VN-P Mv.P., 394S, 00, Kudieott, K, M.. and 
Clark. P. (Ref. ji. 4S). 


b 3 ’^Pelc, Boyd and others." A more general dis- 
cussion of radioautographic technics mat* be 
found in the review article b\' Evans^ and the 
book of Yagoda.® 

Method. .4. Films. In a series of experi- 
ments® in which nifieteen commercial emul- 
sions were investigated with respect to sensi- 
tiviU', contrast and grain size, T\pe ^I strip- 
ping film (now commercialh’ available) was 
selected as best suited for our radioautograph 
technic on the basis of the follouang qualities: 
fine grain, high contrast, low background fog 
and thiimess of emulsion. Emulsions with 
finer grain and consequently greater resolving 
power are available (as, for example, Ansco 
Reprolith ortho stripping film), but these are 
verj' much less sensitive and so call for e.x- 
posures which are impracticable for most 
work. Tj-pe M stripping film represents a sat- 
isfactoiy compromise between the mutually 
exclusive extremes of fine grain and high 
sensitivity in commercial emulsions. 

The emulsion of Type M stripping film is 
about 10 microns in thickness and is coated 
on a 7 micron transparent cellulose acetate 
stripping base. Emulsion and stripping base 
are in turn mounted on a transparent support- 
ing base about 0.15 mm thick, as shown in 
Fig. 1. .At the time of use the emulsion on its 
7 micron base is stripped awar- from the sup- 
porting material and can then be handled al- 
most as though it were an autonomous 10 
micron layer of emulsion. To facilitate later 
steps, it is advantageous to have on hand 
pieces of film just large enough to overlap the 
edges of a standard microscopic slide. 

B. Tissue Preparation. 1. Frozen sections. 
Our best histologj' has been obtained b\- freez- 

^ Evan<i. T. C., Xuvtronics. I94S, 2, .'.2. 

"ATaRod-n, H.. R.adio.ictivo Measurements ^vith 
Nuelear Enuilsiims, .Tobn Wiley and Sons. Ine., 
New York, 1949. 

®Cobb, .Tock. .and Salomon, .t. K.. Bev. Sri. 
Inst.. 194S, in, 441. 
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plication of current enhanced the penetration 
of both drugs in a statisticalli^ significant 
manner. Analysis of the epinephrine re- 
sponses in 4 rabbits following the use of 
Dibenamine in a concentration of 104 /ig/cm- 
with and without ion transfer yielded the fol- 
lowing “P” values at various epinephrine con- 
centrations: 

a. 1:1,000 - P = 0.01 

b. 1:10,000 - P = 0.06 

c. 1:40,000 - P = 0.04 
Correspondingly, with SY-28 in 4 rabbits with 
and without ion transfer at a dosage of 1.3 
/ig/cm- the following P values were calculated 
for the concentrations of epinephrine used: 

a. 1:1,000 - P = 0.04 

b. ' 1:10,000 - P = 0.07 

c. 1:40,000 - P = <0.01 

Dibenamine and SY-28 were found to be 
fixed locally, since the skin surrounding the 
treated site responded to injected epinephrine 
in a normal manner. During the course of 
the stud 3 ', it was noticed that an area of 
eiydhema developed in the sites injected wdth 
epinephrine prior to the appearance of vaso- 
constriction. This response was even more 
marked and persistent when vasoconstriction 
was completelj' blocked. The process of ion 
transfer produced minimal erythema which 
made it difficult to evaluate the subsequent 
erj’^thematous response to ejiinephrine. For 
this reason two groups of 8 rabbits each were 
given Dibenamine or SY-2S by the intraven- 
ous route. Epinephrine was injected intra- 
cutaneously as in the previous e.\-periments 30 
minutes after the injection of the blocking 
drug. Erythema developed rapidly and either 
disappear^ over a IS minute period or was 
followed by vasoconstriction in the situations 
where incomplete blocking occurred. This 
“epinephrine reversal” tjpe of phenomenon 
suggests the presence of vasodilator fibers in 
the skin of the rabbit. 

Fig. 3 and 4 illustrate a dose respon.se re- 
lationship when the blocking agents were gi\- 
en intravenously. • One hundred percent block- 
in'^ of epinephrine vasoconstriction occurred 
when 32 mg of Dibenamine per kilo were 
triven. The same effect was achieved wnth 
Sy-28 when 4 mg per kilo were injected. Thus 
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MIUUGRAMS DIBENAMINE PER KILOGRAM 
Pig. 3. 

Cutaneous adreiiei-gic blocking activity of intra- 
venous Bibeiuiinine. 



milligrams sy-28 per kilogram 
Pjo. 4. 

Cutaneous adrenergic blocking activity- of iiitr.a- 
venous SY-2S. 


SY-28 was approximatelj’ 8 times as potent as 
Dibenamine when given by the intravenous 
route. 

Sumviary. 1 ) Both Dibenamine and SY-28 
were absorbed b\' the intact rabbit skin and 
were capable of blocking the vasoconstriction 
produced b}' intracutaneously administered 
epinephrine. By tliis route SY-2S w;is ap- 
proximately 5 times as potent as Dibenamine. 

2) YTen administered b.v ion transfer, the 
penetration of both drugs into the skin was 
significanth' facilitated. 

3) Both blocking - compounds were fixed 
localh" in the skin. Contiguous untreated areas 
were still capable of responding to epinephrine. 

4) B\' the intravenous route, SY-2S was 
appro.vimateh- S times as potent as Dihcna- 
mine. 

5) The "epinephrine rever.sal” phenomenon 
has been noted for the first time in the .skin 
of the rabbit and suggests the presence of vaso- 
dilator fibers. 

Jlcceivcd Augu-t 4, 104U. P.S.K.ILM.. 3t*tU. 713, 
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parent supporting base is laid over the emul- 
sion to serve as protection, and the prepara- 
tion is smoothed with the fingers. Finally, a 
second microscope slide is placed on top of the 
supporting base and the entire “sandwich” 
wrapped with scotch tape. It is our practice 
to wrap each preparation individually in 
opaque paper and place it immediately under 
a pressure of 8 Ibs/sq inch. Resolution is 
considerabh' improved bj" the more intimate 
tissue-film contact obtained with pressure. 
Alter 24 hours under weights the preparation 
is transferred to the refrigerating unit or dry 
ice bo.x and stored at freezing temperature for 
the duration of the e.\-posure time. Remos'al 
from under the weights at this time, after the 
celloidin has set, causes no apparent loss in 
resolution. Estimation of proper exposure 
times will be discussed below. 

D. Developing and Jlounting. .-Vutographs 
ready for development are unwrapped in the 
darkroom and the scotch tape is cut along the 
edges of the “sandwich” with a razor blade. 
Unwinding the tape leads to a grossly visible 
blue static discharge which can fog the film 
quite badly. After removal of the guard slide 
and the supporting base, the bottom slide, 
bearing tissue and adherent stripping film, is 
placed in the developer in tofo. It is carried 
as a unit through the stop bath and fixative. 
Each slide is developed in a separate test tube 
into which the dei'eloper and other solutions 
are successive!}" poured. 

In order to control the many variables that 
may affect film sensitivity we have adopted 
the following precautions as part of our stan- 
dard procedure, (a) .^11 films are kept in a 
desiccated box in the refrigerating unit, (b) 
Films are allowed to come to room tempera- 
ture before use. (c) E.xposures are all made 
at the same temperatures, (d) Films are de- 
veloped immediatelj- at the end of the ex- 
posure period, (e) AVratten Series 2 safelight 
at 3 feet is the only illumination used. 

The developing process is controlled in the 
following ways, (a) Distilled water is used 
in all solutions, (b) Developer is stored in 
full, brown, stoppered bottles, (c) 50 cc of 
fresh developer is used for each preparation, 
(d) Each tube is inverted gently evety* 30 


seconds during development, (e) All solutions 
are brought to 68° ±: 0.5°C and kept at this 
temperature during development. 

During the processing, the emulsion is di- 
rectly and evenly exposed to the solutions, 
thus insuring complete, uniform development. 
The tissue is protected by the intervening 
stripping base and the celloidin coating, so 
that it is preseiA’ed from the action of the 
developing solution Since the stripping film 
gradually separates from the slide during 
processing, however, it is important to limit 
the time in the solutions. Five minutes in 
Kodak D-19 developer, 15 seconds in 1% 
acetic acid stop bath and two minutes in 
Kodak F-5 fi.xing-hardening solution consti- 
tutes a satisfactory routine procedure. After 
5 to 10 minutes washing in cold water, the 
stripping film has become partiall}’ detached 
from the slide and a gentle, steady pull on one 
end suffices to complete the separation. The 
tissue section adheres to and comes away with 
the stripping film which can be left in a 
beaker of distilled water until it is mounted. 

At this point we have the tissue section 
adherent to one side of the stripping base and 
on the opposite side the developed grains of 
the tissue’s own radioautograph. AA’e now 
simply take this preparation up through al- 
cohols to xjdol, and, after trimming away the 
excess film around the tissue, mount with 
balsam, or a substitute, and a cover slip. 
E'sually, it does not matter whether the tissue 
is above or below the autograph, but when 
the image is very" dense, the tissue detail is 
better e.xamined with the tissue uppermost. 
The orientation of the final preparation is 
shown in Fig. 3. 

At low magnification, the close juxtaposition 
of tissue with its autograph makes it possible 
to survey the preparation with a single fixed 
plane of focus. .At high magnification, a 
slight change of microscope focus correlates 
the grain density pattern in the autograph 
with the histologic pattern. 

E. Post-staining. AA'hen unstained sections 
have been used, the steps are exactly the 
same up to the point at which the preparation 
is removed from the wash water. In order 
to stain the tissue and at the same time to 
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STRIPPIH9 *A3E 

SUPPORTING BASE 


□t., 


FIG I. 



TISSUE- COVERED WITH CEELOIOIN 


FIG Z. 



UCOVER SLIP 2-TISSUE SECTION S-STRIPPING BASE 
A-EHULSION 3- SLIDE 

FIG 3, 

ing the tissue to be studied immediately on 
removal in iso-pentane at liquid nitrogen tem- 
peratures, according to the technic of Linder- 
stn^m-Lang and Mogensen J It is then trans- 
ferred to a refrigerated room at -10 to -15'C 
and cut on a microtome equilibrated at that 
temperature, making use of a modified Linder- 
str^m-Lang “window”,® to prevent rolling of 
the sections. These are melted onto slides 
previously prepared by coating with 0.1% 
gelatin which is then hardened by dipping in 
10% formalin. With this technic sections 
can be allowed to dry at room temperature 
without distortion. They are then ready for 
the application of the film in the manner de- 
scribed below. 

2. Paraffin sections. WTien there is no prob- 
lem of leaching out or displacement of the 
material under investigation, routine fixing, 
embedding and sectioning technics are em- 
ployed. Needless to say, tissue detail ob- 
tained with this technic is decide dly superior 

7 Liii^erstroni-L.nng, K., and Mogenscn, K. I?., 
Compl. J!cn<T. Trav. Lai. CarUVcrp, Scr. CInm., 

1038 , 2 .% 27 . 

S Coons, A. H., priv.nte commmncation. 


to that of even the best frozen sections, and 
hence this technic is to be preferred whenever 
possible. The slides are stained in the usual 
manner up to the absolute alcohol stage. They 
are not carried through into xylol since tlie film 
is to be mounted with an alcohol. base ad- 
hesive mixture. If the film cannot be mounted 
at the time staining is completed, the slides 
may be carried through to xylol, provided it 
is removed with absolute alcohol prior to 
mounting. 

C. Application of the Film. .All handling 
of film is carried out under Wratten Series 2 
safelight. First, the emulsion and stripping 
base are separated from the heavy supporting 
base as shown in Fig. 1, leaving the last 
inch adhering to the base to facilitate manipu- 
lation. Stripping can usually be started at a 
corner of the film by stroking the emulsion 
away from the support with the ball of the 
thumb.^ Stripping should be done slowly to 
prevent any static discharge between strip- 
ping base and support, as such a discharge 
causes a considerable increase in background 
fog. 

-A 1% solution of celloidin in methyl alco- 
hol is used to cement the film, emulsion side 
up, to the tissue. If the celloidin is dissolved in 
the conventional ether-alcohol mixture, ir- 
regular black splotches appear on tlic de- 
veloped film. These artifacts have been 
eliminated by the use of methyl alcohol as 
solvent. The slides are laid tissue section up 
on a piece of filter paper and the alcohol from 
the paraffin sections is allowed to evaporate 
almost completely. Then a drop or two of 
the celloidin solution is placed directly on the 
tissue section and another drop on the slide 
to either side of the section. The partially 
stripped film is then applied to the section as 
shown in Fig. 2, and stripping of the film is 
completed at the same time. Next, the trans- 

^ To fiK-ilUate stripping. Dr. Ocor(;e A. Boyil" 
lias sujTfjcstcil tiiniinp tlie film rnuilsion .side down 
and slitliiiR the supporting hase with a raror 
lilado. The hackiii}; can tlien he eraoked along the 
slit. While this procedure siinplifie.s stripi'ini:, it 
also increases the background fog due to the st.atic 
discharge accompanying the breaking of the sup- 
port. See Boyd’s article for details. 
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TABLE I. 


Initial Activity Ecquired in Disintegrations per Miimtc per cin2 of Tissue. 




Eastman no-sercen x-rar 
film 

E;i.stinan fvpe M strmiiing 
■ film 

0.1> Bkgd. 

0.0> Bkgd. 

0.1> Bkgd. 

0.G> Bkgd. 

GH 


124 

806 

2.280 

11,400 

aa« 


124 

1,030 

3.200 

27,000 

1131 


414 

2,180 

18,500 

75.200 

P32 


S43 

4,610 

36,700 

160,000 

Zll«c 


4.250 

27,400 

138,000 

741,000 


Values given assume a lo-day exposure and 5 minutes development in Kodak D-19. Data 
are for a uniform source, and so apply only to mean activity of tissue section. 


ticular structure and so the average densit}' 
of the autograph may be a verjr unreliable 
guide to optimum exposure. Both when 
counting the initial activity of tissue sections 
and when e.xamining the images of prelimi- 
nary No-Screen x-ray autographs, these areas 
of interest should where possible be the basis 
of estimation. It is absolutely essential that 
the precautions in handling of films and de- 
velopment described above be observed in 
order to obtain reproducible results. 

Dheussio}!. The advantages of the present 
technics are several: 

1. The staining and developing processes are 
independent of one another. 

2. The thickness of the emulsion is equal 
over the entire preparation so that differences 
in grain density at different points can be 
used as an inde.x of the activity of the under- 
lying point in the tissue. 

3. Tissue and emulsion are held in a fixed 
relationship from the very beginning of the 
procedure through to the time of examination. 
Since one can look through both the auto- 
graph and the tissue simultaneously under the 
microscope, correlation and interpretation are 
made simple. 

One limitation of the technic lies in the 7 
micron separation of tissue and emulsion. 

hile in many studies this very small separa- 
tion may not be of importance, it does limit 
the theoretical resolution possible irith the 
technic. However, our results with Type il 
stripping film indicate that resolution to 10-15 
microns can be obtained, as illustrated bv Fig 
4 and 5. ' ® 

I hose autographs show the very different 
rales of uptake of P"i i,y different thyroid 
follicles. The fine grain of the emulsion can 


be noted and the order of magnitude of the 
background can be estimated from the areas 
of emulsion not overlying tissue. At 16 hours 
after an injection of iodide the material is 
known to be widely disseminated throughout 
the gland and this is evidenced in the auto- 
graphs. Of particular interest is the rather 
sharp demarcation of the high activity colloid 
material from the low activity thyroid stroma. 

The data of Table I for Tj-pe M stripping 
film should make clear a limitation of the 
radioautographic technic that is too seldom 
emphasized, the need for high tissue activity. 
Unless the material under investigation is 
highly concentrated by the organism as in the 
case, say of radioiodine, the specific activity 
requirements are high and in some cases for- 
biddingly high. With the aid of data on e.x- 
posure, such as that referred to above, it is 
often possible to determine beforehand the 
feasibility of a study when the specific ac- 
tivity of the material and the probable biologic 
dilution are known. 

Summary. A technic for radioautography is 
described which makes the developing and 
staining processes independent and, through 
the use of stripping film, provides an emulsion 
of uniform thickness. The method of mount- 
ing permits uniform development of the entire 
emulsion and maintains a fixed tissue-auto- 
graph relationship. 

tVe should like to express our thunks to Dr. A. 
II. Coons for advice and assist.unce in tiie teciinic 
of cutting frozen sections. One of us (.t.M.M.) 
lias held a Rockefeiler Fellowship in Patlmlopy. 
This work has been supported in part hy the Oflice 
of Xnv.al Itc.senrch and tlie .Atomic Encrfry Com- 
niission. 

Received .VuRiist 1940. P.S.E.B.M.. 1949. 7B. 
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protect the emulsion from the stain the strip- 
ping film is now cemented emulsion side down 
onto a clean slide with Kodalith Stripping 
Film Cement or with 1% celloidin in etlier- 
alcohol. This leaves the tissue section exposed 
and the slide can be handled through the 
staining process in the routine manner. After 
staining, the excess film peripheral to the 
tissue section itself is trimmed away and the 
preparation covered with balsam, or a substi- 
tute, and a cover slip. In order to obtain a 
uniformly flat field it is necessary to weight 
the cover slip rather heavily until the balsam 
has dried. 

F. Time of Exposure. Data have been pre- 
sented elsewhere'* that permit the calculation 
of exposure time for Type M stripping film 
for 5 important isotopes, C^', Ca'*'’, P'*', P®-, 
and Zn*®, provided the activity of the prep- 
aration in terms of disintegration per minute 
per unit area is known. For problems in 
which such assay is inconvenient, a satisfac- 
tory empirical procedure has been developed, 
based on the use of Eastman No-Screen x-ray 
film, a film many times more sensitive than 
the Tifpe M. Using this film, “trial” radio- 
autograph preparations are made using tissue 
sections from the same block. The film is 
merely laid over the tissue section without 
adhesive, covered with a guard slide and 
“sandwiched” with scotch taps as above. At 
the time of development the “sandwich” is 
opened and the film removed and processed. 
Several such preparations are put up and 
developed at intervals. From the ratio of 
sensitivities of the No-Screen .x-ray and Tj'pe 
M stripping films the exposure time needed to 
<^et an equh'alent density irith the latter can 
be calculated. Ratios of initial activity re- 
quirements from Table I indicate the relative 
sensitivities of the two films. 

Table I (taken from reference 9) gives the 
activities required at the surface of tlie tissue 
to produce radioautographs of image densitj 
0.1 and 0.6 above background with 15 day 
exposures to uniform sources of \ 

p 32 ji-ii or Zn®”’. It must be kept in mind 
that generally one is intere sted in some par- 
"Tsu^Uerg, Sown, A. K.. lUr- Sn. 

Jnat.f in prcFS. 



Fio. 4. 

Rndioautoginjih of rabbit tliyroid. Aiiinuil \va.‘^ 
sacrififiMl 1(» liours after intr.'iperitoneal trnocr 
dose of 270 inieroeurics Tis‘«iu* was formalin 

fixed and stained with hematoxylin-eosin. Typo M 
stripping film, exposed Hi Imnrs, developed 5 
minutes in Kodak J)10. Magnification 200 X. 



Kjo, 5. 

Enlargemeni of area blocked out in Fig. 4. 

X^pper: KtaatKed in plain* of to bring out 

histologic detail. 

flower: Same area focused nlaii*' i>f pl»oto* 
grayduc grains for 'Jtudy of distribution a«d con- 
trast. Magnificatifiii SOOX. 
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TABLE I. 


Lack of Protective Effect of Plienergan Against Acute Pulmonary Edema Produced by Epincplirine or 

Ammonium Chloride. 


Exp. 

Xo. 

Treatment 

Avg body 
wt.g 

Dose of 
phenerg.nn, 
ing/kg 

Mortal! ty 
rntio* 

Medi.an 

suryival 

time,! 

min. 

Avg lung 
gAg 
body wt 

I 

XHjCl 

Rats 

199 


S/Io 

35 

ll.G 

II 

” -f plienergan 

220 

20 

4/10 

20 

18.2 

III 

” + ” 

20G 

40 

8/10 

24 

14.6 

IV 

Plicncrg.an 

I9G 

40 

0/10 

— 

6.2 

V 

Xo drug 

212 

— 

0/4 



7.7 

VI 

XH^a 

Guinea pigs 
461 


8/10 

8 

10.4 

VII 

” -E phenergan 

408 

20 

12/12 

S 

8.6 

VIII 

Epincplirine 

436 

— 

6/7 

7 

19.7 

IX 

EpiiicpUriuc -p phenergan 

423 

20 

S/S 

7 

20.3 

X 

Xo drug 

450 

— 

0/5 

' — 

6.8 


* Mort.ality ratio — number dead/number used, 
f E.vciuding those surviving indefinitely. 

1 Avg lung \vt in experimental groups include only those animals rvbich succumbed after injection. 
Control animals ^rcrc sacrificed under pentobarbital anesthesia. 


time of the animals which died. The dif- 
ference in lung weight between Groups VI 
and VII is not significant (P>0.05), but 
Group Vn differs significantly from control 
Group X (P = 0.02), as does Group VI (P 
<0.01). In all the other cases, the differences 
between experimental and control groups are 
obx’ious.from inspection of the table. 

Disaissiou. The lung weights of the guinea 
pigs succumbing to epinephrine were greater 
than in those receiving a lethal dose of am- 
monium chloride. It may therefore be as- 
sumed that pulmonary edema was not maxi- 
mal in the latter group, and may not have 
been the sole cause of death. Stone and 
Loe\r" have also expressed the view that 
pulmonary' edema may not have been the 
sole cause of death in their epinephrine treated 
rabbits. The overall mortality rate in all 
our animals receiving edema-producing drug 
without Phenergan Was 22/32 or 69%, while 
in those receiving Phenergan in addition to 
the toxic agent it was 32/40 or 80%. Our 
results are in agreement with the statement 
of Stone and Loew,-' that Phenergan did not 
protect the animals against pulmonary edema, 
although we did not obsen'e the lower mor- 
tality rate which they reported in their 
animals. 

Koenig and Koenig'’- believe that the pul- 
monary edema produced by ammonium chlo- 


ride is a specific action of the ammonium 
moiety, and is not related to the acidosis 
produced by NH4C1. Other ammonium salts 
also induced pulmonary edema, while acidosis 
produced by other means did not. How- 
ever, they did not publish data indicating the 
degree of acidosis produced by the various 
agents they used, and it is therefore impossible 
to Judge the validity of their conclusions. 

The divergence between our results and 
those of Reuse^ is not easy to e.xplain. He 
used guinea pigs about twice as large as those 
herein reported. He also used epinephrine 
ascorbate, while the epinephrine we us^ was 
-Adrenalin chloride (Parke, Davis), a 
glandular extract containing an unknown 
amount of nor-epinephrine. Haipern* stated 
that Phenergan did not prevent the blood 
pressure and cardiac effects of epinephrine, 
but Reuse' found that Phenergan in large 
doses inhibited both the pressor effect and 
the apnea produced by small doses of epineph- 
rine. This effect, however, lasted only a 
few minutes, and probably does not e.xplain 
the partial protection which he observed. 
Even in Reuse's e.xperiments, Phenergan did 
not offer complete protection against epineph- 
rine-induced pulmonary edema, as the 

* soc. ror/, d. scimecjt mrd. el r\at, 

tf. UrtixeUcs, t. II, 1940. 
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Failure of Antihistaminic Drug “Phenergan” to Protect Against Acute Pul- 
monary Edema. (17351) 

Charles A. Winter. 

From the Merck Institute for Therapeutic Research, Rahway, K. J. 


Halpern and his co-workers have developed 
the thesis that antihistaminic drugs owe much 
of their therapeutic effectiveness to a primary 
influence upon cellular permeability, aside 
from their property of competitive inhibition 
of histamine. This concept is based in part 
on the obseri'ation that N-(;3-dimethylamino- 
a-meth}deth\d)-phenothiazine (3277 R.P. or 
Phenergan) protects guinea pigs and rabbits 
from pulmonary edema produced by an over- 
dose of epinephrine^'- or by certain poison 
gases, such as chloropicrin.^ 

On the other hand, Stone and Loew^ failed 
to obtain protection by pyranisamine (Neo- 
Antergan) in rabbits with epinephrine-in- 
duced pulmonary edema. The same authors® 
also could not confirm the observation that 
Phenergan protected rabbits. In one series 
(8 animals) they obtained a reduced mortality 
but no reduction in pulmonary edema, as 
judged by lung weight. It seemed of interest 
to determine whether Halpern’s results could 
be confirmed in our laboratory, and also 
whether Phenergan would affect pulmonary 
edema produced by administration of am- 
monium salts, as described by Koenig and 
Koenig.® If it could be shown that pulmon- 
ary edema produced by two such widely dif- 
ferent means could be alleviated by an anti- 
histaminic drug, support would be added to 

1 Halpern, B. N., Hamburger, ,T., and Cruchaud, 
•S., Acta allerg., 1948, 1, 97; Halpern, B. X., and 
Cruebaud, S., Compt. rend. soc. hiol., 1947, 141, 
1038; Vermeil, G., Halpern, B. N., and Crucli.aud, 
S., Compt. rend. sne. hiol., 1949, 143, 77. 

2 Beusc, J., Compt. rend. soc. hiol., 1948, 142, 
638. 

3 Halpern, B. X., and Cruchaud, S., Compt. 
rend. Acad. d. sc., 1947, 225, 1194. 

■i Stone, C. A., and Loon-, E. K., Fed. Proc., 
1949, 8, 335. 

Stone, C. A., and Loe.r, E. R., Pnoc. Soc. E.xp. 
BlOl-. AND Mf.d., 1949, 71, 129. 

0 Koenig, H., and Koenig, I?., Proc. Soc. Ext. 
Biol, and Med., 1949, 70, 3<o. 


Halpern’s view that such drugs may primarilv 
affect cellular permeability. 

Methods. The rats used in this study 
weighed about 200 g. Both CarworOi and 
Holtzmann rats were emploj'ed, and as no 
difference was noted in results obtained with 
the two strains, they have been combined in 
the summary. The guinea pigs varied from 
300 to SOO g in weight. Pulmonary edema 
was produced as follows: epinephrine chloride 
was injected in the forelimb vein of guinea 
pigs, 0.6 mg per kg (the dose used by 
Reuse®); ammonium chloride was adminis- 
tered intraperitoneally, the dose being 400 mg 
per kg for rats, and 600 mg per kg for guinea 
pigs, as described by Koenig and Koenig.® 

Phenergan was chosen as the antihistaminic 
drug, because Halpern has stated that its 
effect on cellular permeability was greater 
than any others he used. We administered 
Phenergan subcutaneously, e.\-cept to a few 
of the rats, where the intraperitoneal route 
was employed. The dose was the same as 
that used by Halpern and by Reuse; namel}’, 
20 mg per kg, except in 2 groups of rats where 
the dose was doubled. Thirty to 60 minutes 
(usually the latter) were allowed to elapse 
between injection of Phenergan and of epi- 
nephrine or ammonium chloride. The lot of 
Phenergan used was manufactured in France, 
and obtained from Societe des Usines Chim- 
iques Rhone-Poulenc, Paris. 

Results. The syndrome of acute e.xperi- 
mental pulmonary edema in rats and guinea 
pigs has been adequately described by 
Koenig and Koenig.® Tlie signs and gross 
findings at autopsy described by them were 
seen in the majority of our animals. 

The results are summarized in Table I. 

It is evident that Phenergan. even in the 
relatively large doses used, did not protect die 
animals from pulmonari’ edema as judged by 
lung weight, nor did the antihistaminic drug 
reduce the mortality, nor prolong the survival 
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Fig. 1. 

Electrical activity of tlie cerebellum recorded from tlie pial surface with bipolar silver wire 
pick-up electrodes, lOO/sec, time signal. 

A. Cat under nembutal anesthesia. Five days previously all 6 cerebellar peduncles bad 
been transected, thus interrupting all afferent and efferent libers. Xotc normal activity. 

B. Cat under nembutal anesthesia. Xote electrical activity in cerebellar eortes dissected 
free of animal and lying on saline moistened gauze. Xuclear cells were not present. 

C. Cat under nembutal anesthesia. Note "nomtal” electrical activity, despite the total 
bilateral destruction of cerebellar nuclei. 

D. Cat under nembutal anesthesia. Xotc electrical activity similar to A, B, C, above. Cere- 
bellar peduncles and cerebellar nuclei left intact. 


in Fig. lb which shows the electrical activity 
in a part of the cerebellum which was dissected 
free and was lying on a strip of gauze several 
centimeters from the animal. Such activity, 
however, does not continue for more than 2-4 
minutes 

Since the fast electrical activity can con- 
tinue in the absence of all fiber connections 
with the rest of the nervous system, then it 
must be maintained by intrinsic mechanism 
within the cerebellum. 

The ne.xt question was: WTiat are the in- 
trinsic mechanisms which maintain this elec- 
trical activity? The cerebellar cortex is an 
idea! preparation with which to work because 
lire anatomy is simple, well known, and re- 
markably uniform in structure. Fig. 2 sum- 
marizes the present state of our information 
on the anatomy of this organ. Working on 
the assumption that this activity is maintained 
either by reverberating circuits, or spontan- 
eous activity of cellular aggregates, or both. 


the following analysis has been made: 

Reverberating Circuits. A glance at Fig. 

2 indicates the possibility of two reverberat- 
ing circuits: 1. Purkinje cell (.A) to central 
cerebellar nuclei, (B) back to Purkinje cell. 
That this circuit cannot be the responsible one 
is shown by the e.xperiment illustrated in Fig. 
Ic. Note that the activity appears normal 
despite the absence of all the central nuclei 
on both sides. 

-A second possible reverberating circuit is 
Purkinje cell (A) through Purkinje cell a.von 
collateral (I) back to a second Purkinje cell. 
Thus, one Purkinje cell could fire another, then 
a third, etc., and back again. .-Mthough our 
experiments do not disprove the possibility of 
this circuit functioning in this manner, as can 
be seen below, there are other more tenable 
explanations. 

Spontaneous activity of cellular aggregates. 
The most conspicuous cell in the cerebellar 
cortex is the Purkinje cell. The large soma. 
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mortality ratio was 5/14 in the Phenergan- 
treated animals, compared to 11/14 in those 
receiving 0.55 - 0.6 mg per kg of epinephrine 
\rithout Phenergan. In the group to which 
1.2 - 1.5 mg per kg of epinephrine was ad- 
ministered, 8 of 1 1 Phenergan-treated animals 
died. 

Our results, as well as those of Stone and 
Loew, do not lend support to Halpern’s 
hj-pothesis that Phenergan opposes the forma- 


tion of pulmonaiy^ edema by virtue of the 
property of inhibiting cellular permeabilit}'. 

Summary. The antihistaminic drug, 
Phenergan (3277 R.P.), in doses of 20 or 
40 mg per kg, failed to protect rats or guinea 
pigs against the pulmonary edema induced 
■by injection of ammonium chloride, and also 
offered no protection against epinephrine-in- 
duced pulmonar}’’ edema in guinea pigs. 

Bcceivfd August S, IPt.o, 72. 


Maintenance of Spontaneous Activity within the Cerebelluin.'t (17352) 
Ray S. Snider and Earl Eldred. 

From ihe Department of Anatomy, Xorthwcstern University Sehool of ^[r(^icinc, Chicago. III. 


The hitherto unsuspected widespread pro- 
jection of the cerebellum^ to the cerebral 
cortex and the ease with which facilitation- 
and suppression^ of cortically and reflexly 
induced movements can be produced by cere- 
bellar e.xcitation emphasizes the need to an- 
swer the interesting but intricate question, 
what is the cerebellar influence on the rest 
of the nervous system? One approach to an 
answer is the study of mechanisms underly- 
ing the maintenance of the fast electrical 
activity of the cerebellum. The best study 
yet made on the nature of this electrical 
activity was that by Dow'* who not onl}-^ 
described it in great detail, but also studied 
the influence of various drugs on it and re- 
lated the activity to muscular tone. 

In the present study we have confirmed 
many of Dow’s observations and extended the 
problem into an anatysis of intrinsic cerebellar 
mechanisms which maintain what is probably 

• Tliis rcseareh w.is presented before tbe Ameri- 
can Pliysiologieal Society, Sept. 194S. 

f Tin's researeli ivas aided financially by a grant 
from tbe Office of Naval Itcscarcli. 

1 Hcnneinan, E., Cooke, P., and Snider, R. S., 
Am. J. Phy.sio}., 1948, Jtio, 443. 

2 Snider, R. S., and Magoun, It. IV., Mcti. Proc., 

1948, 7, nr. 

3 Snider, R. S., Magoun, II. W., and McCTillocb, 
W. S., -lied. Proc.. 1947, C. 20/. 

4 Dow. B. S., .1. Physiol., 1938, 1)4, G7. 


the fastest electrical activity within the 
nervous system. 

Methods. In mature cats, decerebrated, or 
placed under ether, nembutal, dial, chloralo- 
sane, or various combinations of the above 
mentioned anesthetics, the calvarium was re- 
moved to e.xpose all parts of the cerebellum 
e.xcept the anterior one-half of anterior lobe 
and paraflocculus and flocculo-nodular lobe. 
Bipolar and monopolar silver irire as well as 
saline-cotton vrick pick-up electrodes were 
used to introduce the cerebellar activity into 
Grass Model 111 amplifiers. The amplified 
electrical activity was observed and photo- 
graphed on a five-inch cathode ray tube. 

Rcstdts. The first question was: Does this 
fast electrical activity result from the driving 
of the cerebellum b}' extrinsic centers or is 
it something intrinsic to the cerebellum? As 
shown in Fig. la, the activity results from 
intrinsic mechanisms vrithin tlic cerebellum. 
The electrical activity in this preparation was 
normal despite Uie fact that 5 daj's previous 
all afferent and efferent fibers (verified his- 
tologicall}’) had been cut. Previously, Dow* 
reported fast electrical activity following 
“acute incomplete section of the cerebellar 
peduncles in four experiments’’ and SpiegeP 
also observed it 

Further support for this observation is given 

.‘Jpicg.-I. i:. II.. .Im. . 1 . Physiol .. V . F , r . JIH, -''ffi'. 
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Fig. 3. 

Outline drawing of microscopic anatomy of 
granule cell and granule cell glomerulus (modified 
from Cajal). A, Afferent fiber terminating as 
mossy fiber in protoplasmic glomerulus, D. C, 
Granule cell body. B, Dendrite of granule cell 
synapsing witb afferent fiber in granule cell 
glomerulus. E, Granule cell axon. 

cellular elements of the cerebellar cortex. We 
were not able to accomplish this technical pro- 
cedure. 

The Purkinje cell is not the only potential 
source of cellular elements for the mainten- 
ance of spontaneous electrical activity. A 
second possible source is the granule-basket 
cell combination in which the granule cell 
glomerulus deserves some comment. This 
non-nucleated protoplasmic structure located 
at the junction of the incoming mossy terminal 
with the dendritic terminals of the granule 
cells is approximately 15 /t in diameter. Fig. 
3 illustrates the salient properties of the vari- 
ous parts of the granule cell. Note that the in- 
coming afferent fiber {A) synapses within the 


glomerulus (D) on the way to the granule 
cell (C) dendrite (B). Note also that, e.xcept 
for a slighth' granulated appearance, the pro- 
toplasm appears almost structureless. 

To check the possibility of activity coming 
from the granule cell layer, we attempted to 
record direct^ from this layer with pick-up 
wire (26 gauge, insulated to tip). Although 
good actiidW could be recorded, and often 
better activiU' than that from the pial sur- 
face, which is appro.ximately 250 from the 
granular layer, the answer is still equivocal 
because possible activity of nearby Purkinje 
cells may have spread to the needle tip or 
Purkinje cell a.xons passing nearby may have 
been conducting activity through the area to 
the underlying cerebellar nuclei. From this, 
one must conclude that if the intrinsic spon- 
taneous electrical actmty of the cerebellar 
corte.x results from spontaneous actin'ty of 
cellular aggregates, as seems likely, then the 
basket-granule cell Fig. 2 D,F (with glomeru- 
lus) combination appears to be a possible re- 
sponsible agent. One thing is certain, either it 
is this cellular comple.x or it is the Purkinje 
cell itself which is responsible. 

Summary. Evidence is presented to show: 
(a) that the fast electrical activity of the 
cerebellum is intrinsically maintained udthin 
this structure; (b) that it is not due to re- 
verberating circuits through the cerebellar 
nuclei and back to the cerebellar corte.x; (c) 
that it is probably due to the spontaneous 
activity of Purkinje cells and/or the granule- 
basket cell combination. 

Keceivcd August S, 1949. P.S.E.B.AT., 1949, 72. 


Prevention of Secondary Infection due to Pseudomonas aeruginosa in 
Frostbitten Tissue. (17353) 

Josef Pichotka and R. B, Lewis (Introduced by .A. W. Hetherington.) 

From the Department of Patholoffp, VSAF School of Aviation ileSicinc, Dandolph Air Force 

Dasc, Randolph Field, Texas. 


One of the major problems encountered in 
investigations on experimental frostbite is the 
prevention of infection of the frozen tissue. 
Without prophylactic treatment infection oc- 
curs in practically all cases of severe frostbite. 


The following report gives the results of the 
application of penicillin and sulfamylon* 

* Ttie sulfiimrlon liydrocWoridp j)owdpr w.as 
suyjdicd by tlie Modic.al Resc.-ireti Deji.TrinieJit of 
'Wintljrofi-Stcarnc, Inc. 
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Fio. 2. 

Dingrammatic dravnng of iiiieroscopic anatomy of ccrobollum. iloilinnil from Kaiisoii, 
1935, The Anatomy of the A’orvous System. A, Purkinjo coll body. B, Coll bodv in central 
cerebellar nuclei. C, Purkinje cell dendrites. D, Granule coll body. E, Glomcrufus in ivhich 
afferent fiber mossy terminal synapses with granule cell dendrite.' F, Basket cell body. G, 
Afferent fiber terminating as mossy terminal. II, Incoming fiber terminating ns climbing’ fiber. 
I, Purkinje cell axon collateral. 


the elaborate branching dendrites, and the ax- 
onal connections to the central nuclei make it 
one of the important cells, and one of the first 
to be considered as a possible source of spon- 
taneous activity. This cell is of further in- 
terest because of the spatial representation of 
other cellular components on its cell body and 
processes. The basket cell axons synapse 
around the cell body, while the granule cell 
<Fig. 2, D) axons and climbing fibers (Fig. 
2 H) sjmapse on the Purkinje cell dendrites. 
Possible synapse points on Purkinje cell axons 
are not known., As is well .known, granule cell 
'axons connect with Purkinje cells along the 
'longitudinal axis of the folium and basket cell 


axons connect witli them along the transverse 
axis of the folium. In this manner, impulses 
coming from granule cells can be widely dis- 
persed in the longitudinal and transverse 
planes of the cerebellar cortex and, from 
Purkinje cells, can be relayed in turn to the 
central cerebellar nuclei thence to centers 
within the brain stem. Thus, one cannot doubt 
the major role played by these cells in relay- 
ing die message tlirough the cerebellar cortex. 
However, in order to study the role plaj'cd 
by these cells in the maintenance of the fast 
electrical activity, according to the technics 
we were using, it would be desirable to selec- 
tively destro}’ them, leaving intact the other 
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TABLE in. 

Comparisuu of the Effect of Local Treatment with 
Penicillin ami ivith SulfnniTlon. 



Xot 


Xninber 

infected 

Infected 

PciueiUin treated 78 

48 . 

30 

.Sulfamylon treated 212 

20S 

4 

Total 290 

2.56 

34 


X-’ = 70.2 and P = <0.0001. 


mals were treated in exactly the same manner 
as the preceding group, except that instead 
of penicillin ointment an ointment with 
sulfamylon was used. Of these animals 60 
did not receive any other treatment while 120 
were heparinized. Signs of local infection did 
not occur in these animals. 

Another group of 32 rabbits was frostbitten 
in the same manner as in the preceding series. 
They were used for temperature measure- 
ments during freezing and thawing and re- 
ceived little care thereafter. They were 
routinely treated by local application of sul- 
fainylon ointment, but the dressings were 
usually changed eveiy second to fourth day. 
In this group 4 animals developed local in- 
fection at the site of injury in spite of the 
application of sulfamylon. Remarkably 
enough these infections were found after the 
dressings had not been checked for 3 days. 

Even if we include the separate group of 
32 animals with inadequate treatment, in 
which the only infections during sulfamylon 
treatment occurred, the results show undoubt- 
edly the superiority of sulfamylon. 

The statistical computation of these results 
shows that the difference is highly significant 
(■/.-=: 70.2 and P= <0.0001). * 

Discussion. Since the introduction of p- 
aminomethylbenzenesulfonamide (marfanil or 
sulfamylon) it has been shown to be a very 
effective drug in the prevention and cure of 
local infection. It is effective against a most 
diversified number of organisms in clinical 
as well as laboratory tests.^-'-'-u'.ia 

I Beyvr, W., I^cnfr. CWr., 1941, 08, 1730. 

- Clark, \V. B., Arch. Oph., 1947, 38, 082. 
2Doma[;k. G., McA. Ifschr., 1943, 00, 

379. 

< Eilitorlal, lAtncct, 1944, 1, 035. 

•■lox, S. L., .Ihk. OIoI„ Hhin., and Laryna., 
1947, rm. 940. 


fectiveness against Pseudomonas acnigiuosa 
(B. pyocyanetis) which caused the infections 
in our frostbite experiments is of special in- 
terest. Clinical infections with Pseudomonas 
aeruginosa respond well to treatment with 
p-aminomethylfaenzenesulfonamide."’®’®'® The 
same results were obtained in bacterial culture 
tests.®-® We agree with Howes® that this drug 
is distinctly superior to penicillin in its ef- 
fectiveness against Pseudomonas aeruginosa. 
But since the effect is bacteriostatic,®-® it 
seems necessary to continue the treatment 
regularly until the possibility of infection has 
passed. The usefulness of p-aminoniethylben- 
zenesulfonamide in the prevention and cure 
of infection in frostbite has already been re- 
ported in former papers.^'-'* It is also effec- 
tive in the treatment of deep burns'* where 
similar tissue conditions exist. 

Summary and conclusions. 1. Of 78 ani- 
mals with severe experimental frostbite 30 
cases of infection with Pseudomonas aeru- 
ginosa (B. pyocyancus) occurred, although 
the frozen area u-as treated locally with peni- 
cillin ointment. 

2. Of 212 animals with the same degree 
of cold injury and treated with 3% sulfa- 
mylon ointment, only 4 animals developed 
local infection with Pseudomonas aeruginosa. 
In 180 of these animals the dressings were 
changed daily and none became infected. The 
dressings of 32 animals were changed every 
2 to 4 days; in this group 4 infections oc- 
curred. 

3. Sulfamylon is superior to penicillin in its 
effect on Pseudomonas aeruginosa infections. 

4. It is possible to control the infection due 

s Howes, E. L., Surg., Gyncc., and Obst.. 194G, 
83, 1. 

TKl.-irer, J., Klin. TTsehr., 1941, 2, I'luO. 

8 Lawrence, C. A., .1. Bact.. 1945, 49, 149. 

OMcLaurin, J. VV., Laryngoscope, 1948, 38, 
1201 . 

19 Mltcliell, G. A. G., Bees, TT. S., and Robinson, 
C. X.. Lancet. 1944, 1, 027. 

irjloscr, H., Btsch. iled. Wschr., 1942, 1. 549, 
-Vbstract in: Bull. IFor lied., 1942-1943, 3, 255. 

12 Picliofka, .T., and Lewis, H. B., in press. 

13 Sebrens, H. Tb., Klin, irsclir., 1942, 2, 071. 

mVojta, IL, Dcr Chirurg, 1943, 13, 85. Ab- 
stract in: Bidl. IFor Med., 1943 1944. 4. 12. 
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TABLE I. 


Incidence of Infection in Frostbitten Legs Treated 
Locally Avitli Penicillin. 



Number 

Not 

infected 

Infected 

Heparin treated 

42 

32 

10 

Noii-Iiciiarin 

treated 

3G 

1() 

20 

Total 

7S 

48 

30 


= 0.82 and P = O.OOS. 


heparin therapy and 128 did not. The occur- 
rence of gangrene was practically the same in 
the two series. Of the entire group 48 saved 
the frostbitten leg completely, 42 lost part 
of the injured limb, 105 lost the leg com- 
pleteU', and 95 died, 14 of them after the 
final fate of the leg was decided. 

Penicillin. Seventy-eight animals, heparin- 
ized and non-heparinized, received local treat- 
ment with penicillin ointment (1,000 units per 


TABLE II. 

Incidence of Gangrene in Infected and Non-infeeted Animals Treated with Penicillin. 



Number 

Completely saved 

Partially saved 

Completely lost 

Died 

Non-infected ■ 

48 

0 

11 

IS (2)* 

in 

Infected 

30 

0 

4 

22 

4 


* Number in parentheses indicates animals wliieli died after the fate of the leg was decided. 
2.00 and P = 0.15. 


(p-aminometh 3 dbenzenesulfonamide) to the 
injured area after severe experimental local 
cold injury. 

' The experiments were performed on 290 
male white albino rabbits weighing 2,000 to 
3,000 g. The injury was produced by im- 
mersing one depilated hind leg for 30 minutes 
in an alcohol bath cooled with dry ice to 
temperatures ranging from -10°C to -25”C. 
The exact experimental procedure is described 
in another paper.^^ After the e.xperiment the 
frozen area was covered with wool fat and a 
sterile dressing applied. During the first week 
the dressings were changed every day, some- 
times every other day. Infections usually 
became e%ddent between the fourth and sixth 
day after injury. The infected frozen area 
appeared bluish green, swollen, and slightly 
translucent. Small hemorrhages in the parts 
bordering the healthy tissue were quite often 
present. Pus oozed from the injured area, 
especiallv from the region of the demarcation 
line From the bluish discoloration of the 
bandages and from the characteristic odor it 
was assumed that the infection was caused 
bv Bacillus pyocyanctis. The bacteriological 
e.yamination of 2 cases revealed pure cultures 
of Psetidotiwnas aeruginosa (B. pyocyanctis). 
The clinical appearance was characteristic 
enough that no further bacteriological investi- 
gation was considered necessary _ 

" of 290 animals 162 received intravenous 


cc). In this group 30 animals showed signs 
of infection in the frostbitten area and 48 
did not. 

The degree of injury was the same in 
both groups of animals. The difference in 
the incidence of infection in the heparinized 
and non-heparinized animals is significant 
(■/.- = 6.82 and P = 0.008). We do not have 
an e.\planation for this finding. We do not 
believe the ev'idence sufficient to support the 
conclusion that heparin is effective in pre- 
venting local infection of frostbitten tissue. 
The incidence of gangrene of the frostbitten 
legs in the infected and non-infected animals 
shows no essential differences (Table H). 
The higher death rate in the non-infected 
group is mainly due to the fact that most of 
the deaths occurred before the fourth or fifth 
day when the infections usually became evi- 
dent. The relation of partially lost to com- 
pletely lost legs is slightly less favorable for 
the infected animals (-/.- = 2.00 and P = 
0.15). But even if tliis difference were sig- 
nificant it would not necessarily mean that 
it was due to the infection. According to our 
observations the occurrence of infection of 
frostbitten tissue in rabbits is related to the 
diarrhea that develops in some animals after 
cold injury. There seems to be a higher 
probability for the appearance of diarrhea 
with increasing severity of cold injury. 

Suljamylon. One hundred and eighty am- 
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T^VBLE 1. 


Bcsnlts of Heparin Treatment in Verr Severe Frostliite. 


Ko. of 
animals 

Treatment 

3iecrosis 

Partial 

necrosis 

Complete 

necrosis 

Died 

Survived 

12 

2 cc heparin 
every 4 Ur 

0 

3 

*> 

7 

5 

30 ' 

3 ce heparin 
every 6 hr 

0 

4 

23 (1)* 

4 

26 

39 

3 celicparin 
every 12 lir 

0 

1 

12 

17 

00 

Total— -81 


0 

8 

46 (D* 

28 

53 

Controls — 12 

0 

7 

28 (2)* 

9 

33 


*'Xam'beT In pnrentlieses indicates animals which died after fate of the leg was decided and 
which therefore appear twice in the table. 

123 animals frozen in an alcohol bath at — '25’"C with rubber boot loosely attached to leg, 

81 animals were tre.ated with heparin for 6 days. 

42 .animals were controls. 

The distribution of "partial necrosis” and "complete necrosis” is essentially the same in 
both groups, — 1— and P == 0.27). 

The de.ath rate is not significantly different. (^2 ~ 1.7 and P O.IS), 


covered with sterile dressings and the animals 
put into indhddual cages. General!}' the 
dressings were changed ever}' day. The 
animals which showed severe swelling had the 
first dressing changed after 12 hours to pre- 
vent obstruction of the circulation by a tight 
bandage. At the end of the first day the 
swelling was at its peak, and thereafter the 
danger from constrictive dressings was negli- 
gible. We originally used a thin layer of 
wool fat to prevent adherence of the bandages 
due to the oozing of plasma. After some in- 
fections occurred, we added penicillin to the 
wool fat, but without success. Subsequently 
sulfamylon was used which eliminated further 
infection in the course of the investigation. 
The prevention of infection following experi- 
mental frostbite is the subject of a separate 
paper.® 

In the second part of the investigation the 
conditions of exposure were changed since we 
felt it necessary to use a less severe cold 
injury to evaluate heparin tberapv. 

The experiments were performed from Feb- 
ruat} 194S to March 1949 on 315 animals. 
Of these. 153 animals received heparin* for 
6 days. 80 served as controls, and 82 were 
used for the determination of a degree of ia- 

® Lewis, R. B., to be publisbcd. 

* Tilt' iicp.irin used w.is liqu.icrain (Eoche- 
Orpnnon, Inc.) and liepnrin (Abbot). 


jury suitable for the evaluation of the treat- 
ment. 

The statistical method used is a test of 
significance using ■/,- (chi-square) in two-way 
contingenc}' tables. 

Repetition oj the Experiments 0 ) Lange and 
Collaborators. Lange and his co-workers used 
different temperatures and e.xposure times in 
their animal e.xperiments.--^ The largest 
group with homogeneous conditions consisted 
of 41 animals of which one hind leg was e.x- 
posed to a bath of -30°C (-22‘’F) for 30 
minutes.-' Twenty-one of these animals re- 
ceived 3 cc of heparin intravenously every 12 
hours for 6 da}-s. In a personal communica- 
tion Lange advised us to give 3 cc of heparin 
ever}' 6 hours. 

The corresponding group in our e.xperi- 
ments consisted of 123 animals. One hind 
leg was depilated, loosely covered with a rub- 
ber boot, and immersed to the knee joint in a 
bath of -25°C (-13°F) for 30 minutes and 
then allowed to thaw at room temperature. 
Eighty-one of these animals received heparin 
and 42 served as controls. The heparin was 
administered by 3 different regimes as shown 
in Table I. The initial injection of heparin 
w'as made from 1 to 4 hours after freezing in 
51 animals, 4 to 8 hours in 14, and 8 to 12 
hours in 16. 

Blood coagulation times were determined 
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to Pseudomonas aeruginosa in experimental 
frostbite by daily local application of sulfa- 
mylon. 

We -wish to give credit to ilr. Allyii Kimball of 


the Department of Biometrics, Scliool of Aviation 
Jtedicinc, Eandolph Field, Texas, for making the 
statistical analyses of the experimental data. 

Received August 9, 1949. P.S.E.B.JI., 1949, 72. 


Use of Heparin in Treatment of Experimental Frostbite. (17354) 
Josef Pichotka and R. B. Leots (Introduced by A. W. Hetherington.) 

From the Department of Pathology, VSAF School of Aviation Medicine, Sandolph Air Force 

Base, Randolph Field, Texas. 


During World "War II casualties from local 
cold injury were numerous. In some units 
they exceeded the number of casualties from 
every other cause. This was especially true of 
Air Force personnel on high altitude bombing 
missions. It was therefore quite natural that 
much interest was focused on the investigation 
of the mechanism and therapeusis of cold 
injury. 

Among the publications on the treatment 
of local frostbite, the reports of Lange and his 
collaborators were the most remarkable.^-® 
These authors described the results of heparin 
in the prevention of gangrene in animals and 
human volunteers after local cold injury. The 
control cases in their experiments always de- 
veloped extensive or complete necrosis of the 
frostbitten area whereas the heparin treated 
cases almost always escaped gangrene. The 
details of the experimental procedures and of 
heparin administration as used in their inves- 
tigations will be discussed later. 

Publications subsequent to those of Lange 
et al. did not confirm their results.®’*-®’ Be- 


1 Friedman, K. B., Lange, K., .and Weiner, D., 
Am. J. -Tf. Sc., 1947, 21JJ, 01. 

2L.ange, K., and Boyd, L. J., Surg., Gynec., and 
Ohst., 1945, 80, 340. 

3 Lange, K., and Loewe, L., Snrg., Gynec., and 
Ohst., 1940, 82, 250. 

4 Lange, K., Boyd, L. .L, and Locive, L., .Science, 
1945, 102, 151. 

s Lange, K., Weiner, B., and Boyd, L. .L, A nc 

England. T. Med., m7,2B7,3S3. 

CFnhrman, F. A., and Cnsmon, J. JI., J. CUn. 

Invest., 194S, 2<, 304. ti i t- t- 

7 Quintanilla, K., Krusen, F. H., and E.se-x, 

H. E., Am. J. Physiol.. 1947, 140, 149. 


cause of the importance of the subject to the 
.Air Force we deemed it advisable to repeat 
these e.xperiments. 

Material and Method. With few e.xceptions 
in the early series we used white male albino 
rabbits of more than 2,000 g body weight. 
Female animals were e.vcluded since in one 
series they seemed to be more susceptible tlian 
males to internal hemorrhages after heparin 
administration. The animals were kept in 
the open air throughout the year, but at least 
one week before the e.xperiment they were 
brought into the air conditioned animal house 
and kept at 25°C (77“^). The food consisted 
of Purina rabbit pellets and occasionally car- 
rots; water was unlimited. In the course of 
the investigation during which more than 300 
animals passed through our animal room only 
2 animals died spontaneous!}*. 

During the first part of the e.xperiment we 
followed the procedure of Lange et al.--'' as 
closely as possible, e.xcept that the animals 
were not anesthetized during freezing. The 
right hind leg was clipped and depilated with 
Zip Depilatory Cream from the ankle upwards 
and loosely covered with a rubber condom 
boot to about 2 cm to 3 cm above the knee 
joint. The prepared hind leg was immersed 
to the knee joint in a bath at -25°C (-13°F) 
for 30 minutes. The freezing bath consisteti 
of 9S% alcohol cooled with dn,* ice. After 
some experience it was possible to keep the 
bath within 0.S°C of the desired temperature. 
Immediately after freezing, the legs were 

S .ScIiiimaekcr7H^”B7 .Tr., White, B. H., Wromi, 

E. L., Cordell, A. R., .'ind Sanford, T. F., .Surgery^ 
1947, 22, 900. 
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TABLE 11. 


Hcsulfs from Exposure for 30 Minutes at Different Tciiipcrntures Binmut Trcritme-iit. 


Bath 

temp. 

Avg deep 
mnscle temp. 

Xo P-irtial 

necrosis necrosis 

Compleie 

necrosis 

Died 

A'o. 

animals 

— 10‘’G 

— 3.3‘>C 

25 1 

0 

0 

26 

— 15°C 

— 7.4'C 

4 16 (1) 

12 (1) 

8 

38 



TABLE m. 





Results of Heparin Treatment in Less .‘severe Frostbite. 



Xo 

Partial 

Complete 



Ko. animals necrosis 

necrosis 

necrosis 

Died 

Survived 

Treated— 

-72 3 (2) 

21 (6) 

22 (12) 

46 

26 

Controls- 

-38 4 

16 (1) 

12 (1) 

8 

30 


130 animals exposcfl at — 15°C for 30 minutes ivith rubber boot adlierent to the leg. 

72 animals rceeircd 3 cc of heparin ererr 6 hours for C dars. 

38 animals were controls. 

The incidence of necrosis (partial and complete) is the same in both group.s, (;^2 =: 0.26. 
P = 0.62). 

The distribution of the results of “no necrosis,” ‘‘partial necrosis,” and ‘‘complete 
necrosis,” is essentially the .same, (x- = 0.40 and P = 0.93). 

The increase in the death rate of the treated animals is highly significant, (y- = 10.0 
and P = <0.0001). 


frostbite necrosis. 

One hundred and ten animals were sub- 
jected to freezing at -15°C for 30 minutes; 
72 of these were treated mth 3 cc of heparin 
et'erjr 6 hours. The results are given in Table 
III. 

The statistical evaluation of the results of 
the injury as determined by the chi-square 
test, including those cases in which the fate 
of the leg was determined at the time of death, 
shows that there is no significant difference 
between treated and untreated animals inso- 
far as the incidence of necrosis is concerned 
(•/.- = 0.256 and P = 0.62). There is also 
no difference in the degree of final injuri'. If 
the results are computed v,-iUi regard to the 
distribution of cases with “no necrosis,” “par- 
tial necrosis,” and “complete necrosis,” y,- = 
0.46 and P = 0.95. On the other hand the 
death rate of the treated animals is signifi- 
cantly increased, (y- ~ 16.6 and P = 
< 0 . 0001 .) 

Fatalities During Heparin Treatment. As 
already mentioned, the fatalities in the hep- 
arin-treated groups were much more numer- 
ous than in the corresponding controls. Of 
1S3 heparin-treated animals 74 were lost dur- 
ing the 6 days of treatment whereas of 80 con- 
trols only 17 animals died. The difference 
in the death rate between these two groups 


is highly significant (7.- = 15.2 and P = 
0.0001). The fatalities in the heparin-treated 
series can be divided into two main groups. 
In one group, the animals e.vhibited a shock- 
like condition after the first or second injection 
of heparin without hemorrhages. The second 
group consisted of fatal hemorrhages which 
occurred in the course of the treatment. 

It was soon apparent that fatalities without 
hemorrhages after the first injection of heparin 
were directly related to the time which elapsed 
between injury and heparin injection. This 
is shorn] for 72 cases under homogeneous e.v- 
perimental conditions and with intervals be- 
tween injury- and first injection of from 0-12 
hours (Table IV). The increase in death rate 
occurring with increasing intervals between 

TABLE 

De.iHi B,ite of Animals in Eelation to the Time 
Interval Between Cold Injury .md the First In- 
jeetion of Hcp.arin. 


Interval between injury 




and first injection 

Survived 

Died 

Total 

0- 2 hr 

00 

0 

00 

2— 4 

10 

1 

17 

4- 8 ” 

10 


17 

8-12 ” 

s 

S 

16 


The Bt.atistical evalu.ition shows th.at the in- 
crea.<ied_ dcatii rate with increasinpr interval be- 
tween injury .and first Iiep.arin injection i.s sig- 
Bificant. — 20.C and P = 0.00015). 
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in 28 experiments following the injection of 
2 cc of heparin intravenously. The capillary 
method was used; blood samples were ob- 
tained from the ear veins by means of nick- 
ing with a sharp needle. Intervals between 
determinations were 10 minutes in one series 
and 30 minutes in another. 

The results of this experiment do not show 
any benefit of heparin . treatment. In both 
groups all animals developed tissue necrosis. 
The statistical evaluation of the observed fre- 
quencies of partial and total necrosis in treated 
and untreated animals shows a value for x” 
of 1.2 and for P of 0.27. Hence the results 
in the two groups are not significantly dif- 
ferent. The death rate for the heparin treated 
animals is slightly greater than for the controls 
but the difference is not significant {y~ =1.7 
and P= 0.18). Table I. 

Use oj Heparin in Less Severe Frostbite. 
Since our results were not in agreement with 
those of Lange et al. we sought reasons for 
the discrepancy. The most probable explana- 
tion for the differences seemed to be that we 
did not produce the same degree of injury in 
our experiment that Lange had in his. There- 
fore, we first had to standardize our method 
of producing cold injury. The use of the 
rubber boot as described by Lange is a pos- 
sible source of error. Fixation bj^ longitudinal 
strips allows a considerable amount of air to 
remain between the leg and rubber boot, 
which might vary considerabl}" in amount wdth 
different sizes, shapes, or positions of the legs. 
The heat conductivity is considerably altered 
by the layer of air around the leg and the 
degree of this change depends on the quantity 
of air in the boot. 


For practical reasons e.xperiments on frost- 
aite with short exposure times must be per- 
formed in a fluid with a low freezing point, 
;uch as alcohol. Alcohol has an injurious ef- 
fect on the skin as we could observe m our 
experiments. Therefore, it is not possible to 
eccape the use of a protective covering whi^ 
^ould have been the simplest way to avoid 
difficulties from altered conductivity. 

We overcame this difficulty by attaching Ae 
rubber boot as closely to the leg as possible. 
After the boot was pulled over the foot and 


fixed loosely with circular adliesive strips at 
the ankle, the air was pressed out of the 
boot. The entire depilated limb was then 
covered with a thin layer of wool fat and 
the rubber boot pulled over the leg thus mak- 
ing it adherent to the skin. Finally the boot 
iras fixed above the knee by a broad circular 
strip of tape and at the ankle with a narrow 
adhesive band. Folds in the rubber boot 
which sometimes could not be avoided were 
moved to the posterior aspect of the leg. 

The legs of animals prepared in this way 
were immersed for 30 minutes in a bath of 
from 0°C to -2S°C (+32°F to -13°F) vdth 
intervals of S°C. The actual temperatures in 
different depths of the exposed leg were re- 
corded simultaneously throughout the e.xpos- 
ure and period of thawing.*® 

Judging from the clinical results and from 
the recorded temperatures inside the leg, the 
experiments with the rubber boot closely ad- 
herent were reproducible to a high degree. 

For an e.xposure time of 30 minutes the 
temperature range of the freezing bath be- 
tween -10“C and -1S°C (-f 14°F to -}-S'’F) 
was of greatest interest (Table II). At -10°C 
(-j-14°F) 25 of 26 animals did not develop 
necrosis and one showed superficial gangrene 
of the frozen limb; at -15°C (-f-S°F) 4 
animals of 38 showed no necrosis, 16 partial 
necrosis, and 12 complete loss of the frozen 
leg. Six died before the fate of the frozen 
leg w'as decided. This distribution indicates 
that the injury of the group e.xposed at -15°C 
(-j-S°F) w'as just past the borderline from 
which spontaneous recover}"^ was not possible 
for the overwhelming majority of our animals. 
AVe therefore assumed that any beneficial ef- 
fect of heparin in the prevention of gangrene 
after frostbite would become evident under 
these conditions. 

The actual temperatures in the deep muscle 
recorded in this group during e.xposure are 
much higher than in those immersed for 30 
minutes at -25°C. On the average they barely 
passed the range of -6° to -7°C considered bj' 
Lake** to be decisive for the occurrence of 

ifi Picliotk.'i, .T., .nnd Ivonis, I?. H., to I)<‘ 
iiL.ike. X. C., L/wcel, I.ni7. Il, Sfi". 
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TABLE T. 

liieidciice of Necrosis in Bclation to Degree of Iiijurr,’ 


“C for 30 mill. 

Tciiip. ill <letp tissue 
(Eo. of measurements 
in parentheses) °G 

Xo 

necrosis 

Partial 

necrosis 

Complete 

necrosis 

Total 

0 

-1-G.8 (2) 

12 

0 

0 

12 

—5 

-b2.2 (2) 

12 

0 

0 

12 

■—10 

-0.3 (7) 

25 

1 

0 

20 

—121 

—3.3 (C) 

27 

5 

0 

32 

—15 

—7.4 (14) 

4 

16 

12 

32 


’ Animals wliiclt died before the fate of tlic tissue was decided arc not considered, 
i These animals were exjiosed to a bath temperature of — 15'C with different conditions of 
conductivity (rubber Iwot not adherent). By measurement of the temperatures in tlie leg and 
by interpolation we determined this temperature to correspond to — 12°C witii the higlier con- 
ductivity (rubber boot adherent). 


Striking. While at -12'C only 5 of 32 showed 
tissue necrosis, at -15°C 28 of 32 suffered 
gangrene. The distribution of the degree of 
injury in the group exposed to -15°C, i.e., 12 
cases of total gangrene, 16 cases of partial 
gangrene, and 4 cases without necrosis, should 
furnish an ideal basis for the evaluation of 
treatment of acute cold injury. The beneficial 
effect would become apparent in a shift to the 
groups of lesser injury. 

As shown in Table III, the statistical com- 
putation of treated and untreated animals with 
this degree of injury does not show such a 
shift. There is significantly no difference in 
the distribution of the degree of injury' be- 
tween the two groups (P = 0.95). 

Several other investigators who attempted 
to repeat Lange’s experiments came to the 
same conclusions as we did. Quintanilla ct 
al.‘ were not able to demonstrate any bene- 
ficial effect of heparin after various degrees of 
frostbite. Fuhrman and Crismon*’’ in their ex- 
periments also did not obtain favorable re- 
sults from heparin treatment. 

It is difficult to explain the failure of several 
investigators to reproduce Lange’s results. The 
only major point of Lange’s e.xperimental pro- 
cedure which we did not follow was in the 
use of anesthesia. But Fuhrman and Cris- 
mon.'’' Sdmmacker ri al.<‘ Quintanilla ct al.,~ 
anesthetized the animals before freezing and 
did not obtain better results. 

The assumption that Lange el al. actually 
produced less severe injuries in their experi- 
ments than we did in reproducing them does 
not abolish this discrepiancy. In the second 
phase of our c.xperiments heparin proved to 


be ineffective even in the least degree of cold 
injury that is followed by gangrene. There 
remains the ptossibility that some of the fac- 
tors not sufficiently controlled, such as species 
of animals used, food, acclimatization, temper- 
atures at which the experiments were per- 
formed or at which the animals were kept dur- 
ing the time of observation, might prove to 
be of major importance. 

The incidence of fatalities due to heparin 
treatment was of secondary interest in our 
investigations. However, it must be consid- 
ered in the evaluation of heparin as a thera- 
peutic agent. Furthermore, the death rate 
determines very' much the value of the statis- 
tical analy'sis of the therapeutic results. 

The statistical computation applied to our 
data is not correct in a strict sense. The results 
were tabulated under the headings of “no 
gangrene", “partial gangrene", “total gan- 
gtene’’, and “death”. These groups are not 
comparable from a statistical point of view. 
We can reasonably assume that “no gangrene”, 
“partial gangrene”, and “total gangrene” con- 
stitute a sequence of increasing severity'. Death 
of the animals either with or without treat- 
ment is not comparable to the other groups. 
Death occurred when, according to the clinical 
appearance, the injured leg was completely 
lost, or partially lost, or even completely' 
saved. In 2 large groups we observed that 
the fatal outcome was due to the delayed 
first injection of heparin or to seasonal changes 
in sensitivity' to heparin. We do not see how 
it is possible to determine whether the proba- 
bility of dying or surviving >under these con- 
ditions is or is not the same for the three 
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injury and first injection is significant (7- = 
20.6 and P = 0.00015)., 

The deaths from internal hemorrhages were 
far more numerous than those of the first Uiie. 
Fifty-three of 153 heparin treated animals 
died from fatal hemorrhages into the peri- 
toneal cavity, the retroperitoneal space, or 
into the lungs. The amount of heparin given 
before death occurred from hemorrhages dif- 
fered greatly. Some animals developed hemor- 
rhages after the first injection of 30 mg of 
heparin, others after more than 20 injections. 
On the average the animals which died from 
acute hemorrhages received 300 mg of heparin 
in a period of 60 hours by a regime of either 
2 cc every 4 hours or 3 cc every 6 hours. 

There was a distinct seasonal difference in 
the occurrence of hemorrhages during heparin 
treatment. Fatal hemorrhages occurred more 
often and with much smaller doses during the 
winter months. The reason for this observed 
seasonal difference is not apparent at this 
time. 


Discussion. A comparison of our results 
with those of Lange ct al. is possible only if 
the cold injury is determined by the physical 
conditions under which it occurs. We have 
shorn! in another investigation that under 
conditions which produce gangrene as a result 
of acute local cold injury, the immersed hind 
leg of a rabbit behaves practically like a dead 
body.'® The time course of the temperatures 
in the e.xposed limb and the clinical results 
are very much the same in all animals investi- 
gated under the same standardized conditions. 
We should therefore be able to reproduce a 
comparable degree of cold injury by applying 
the same e.xperimental conditions. 

The cold injury in Lange’s e.xperiment was 
produced by two different procedures. One 
group of animals was exposed for 45 to 90 
minutes to an alcohol dry ice bath which 
varied in temperature between -12‘’C and 
-20'’C;- the other group was frozen for 30 
minutes at -S0°C.-’ 


The data concerning the first group are not 
exact enough to permit reproduction. The ex- 
treme possibilities for these conditions include 
almost lOOfc probability for complete pr^e^- 
vation of. the immersed legs as well as lOO/o 


probability for complete loss. The second re- 
gime, i.c., e-xposure for 30 minutes at -30°C, 
invariably produces very severe frostbite. But 
since Lange in a personal communication in- 
formed us that tlie e.xperiments were conduc- 
ted between — 20'’C and -30° C, and since in 
a control series at — 25°C very severe frostbite 
always occurred, we used this latter tempera- 
ture for tile first part of our e.xperiments. 
During this part of the e.xperimental work 
the rubber bOot was loosely attached by longi- 
tudinal strips, as described in the papers of 
Lange ct al.- \\’'e failed completely to find 
anj’' beneficial influence of heparin. Treated 
and untreated animals showed the same re- 
sults. The number of animals was large 
enough to e.xclude the possibility that the 
results were due to random variation. (Table 
I.) We cannot give a reasonable e.xplanation 
for the differences between Lange's and our 
results. 

The maintenance of the blood coagulation 
time between 30 and 60 minutes is not pos- 
sible when heparin is given intravenously at 
12 or 6 hour inten'als as described in Lange’s 
publications. In 28 experiments we adminis- 
tered 2 cc of heparin intravenously to rabbits 
weighing 2,000-3,000 g. Blood clotting times 
were prolonged to 8 or more hours immediate- 
ly, but within a few minutes they dropped 
sharply to reach tlie normal range within 4 
hours or less, hlore exact investigations on 
the action of heparin will be published in 
another paper. 

A more accurate evaluation of heparin in 
the prevention of frostbite gangrene was pos- 
sible when we were able to perform tlie experi- 
ments iidth a degree of injury which did not 
preclude recovery. Syslemntic irn’csligalions 
showed that a feasible degree of injury could 
be obtained by an exposure to an alcohol bath 
of -15°C for 30 minutes with the protective 
rubber boot closely adherent to the depilated 
leg. 

The relation of occurrence of frostbite to 
degree of injurx' is shown in Table V. The 
progression of the severity of injury from a 
bath temperature of -12°C to a bath tempera- 
ture of -IS^C with deep tissue temperatures of 
-3.3°C and -7.4'’C, respectively, is rather 
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permeable membrane. The m vivo studies 
were made by injecting a dye into the synovial 
cavity of rabbits and using the speed of ap- 
pearance of dye in the urine and the rate of 
e.Kcretion into the urine as an index of per- 
meability of the sjmordal membrane. These 
studies have been extended to human sub- 
jects under the influence of various drugs 
and diseases. In this paper we are presenting 
the data obtained in vitro. Those obtained 
in vivo correspond in nearly every detail to 
these and will be presented in a separate 
paper. 

Materials and ■niclhods. The hyaluroni- 
dase* was prepared from bull testes and 
assayed 7000 to 9400 turbidity reducing units 
per mg of nitrogen, ilembranes used in this 
study were the lens capsule, urinarj- bladder 
membrane processed according to the method 
of Barnes,® and freshly prepared urinary 
bladder of the rabbit. We also studied the 
effects of hyaluronidase on water imbibition 
by skeletal muscle, penetration of drugs into 
excised frog hearts, and filtration through iso- 
lated frog skin, because membrane permea- 
bility may be involved in these phenomena. 

Crystalline lens membrane. Freshly ex- 
cised, intact lens of frogs and rabbits were 
used. Series of test tubes were set up, four 
in each series, with one pair containing dis- 
tilled water and the other pair physiological 
salt solution. One lens was placed in each 
solution, the tube agitated, and an aliquot of 
the supernatant removed. To one tube of 
each pair hyaluronidase was added to make 
a 0.05% solution, the tubes again agitated, 
and samples removed. The tubes were main- 
tained constantly at 38°C. The degree of 
turbidity of each solution was read every five 
minutes, using the B scale of the Fischer 
Electrophotometer. .A. water clear solution 
gave a light transmission of 100%; an in- 

* Honeb, r. S., Keniiall, E. C., Slocumb, C. H., 
anil PoUey. IT. F,. Proc. Staff iicct.. Mavo Clin., 
1949, tl4, ISl. 

Hcncli, P. S., Stocumb, C. H., Barnes, A. K., 
Sniitli, H. L., Policy, II. F., .and Kendall, E. C., 
Prnr. Staff 3tcct., Maiio Clin., 1949, £4, 277. 

• Hydasc, AVyctli. 

'■ Barnes, T, C., Textbook of Gcner.al Phvsiologr, 

19S7, Blakiston Co., Pldladclplila, Pa. 



Turbidity of incubating medium containing 
whole r.abbit lens (3S°C). Fischer clectrophotom- 
eter used for readings). 

Curve A — Distilled water. 

Cun-c B— 0.0.597 hyaluronidase (assaying 9400 
T.B.l'. per mg X) in distilled water. 

Curve C — Physiological salt sol. 

Curve D — 0.0597 hyaluronidase (assaying 9400 
T.R.C. per mg X) in physiological salt sol. 

crease in turbidity decreased the amount of 
light transmitted (Fig. 1). 

Urinary bladder membrane. The urinary 
bladder was removed surgically from rabbits 
by excision at the neck. Each membrane 
was prepared by washing and storing over- 
night at 36°C in 0.85% XaCl. The following 
morning a membrane was stretched and 
mounted over the open end of a thistle tube, 
the adventitia being toward the inside of the 
tube. .After dtydng for 30 minutes in the 
hot air oven at 100°C, the membrane was 
waterproofed at the edge with paraffin and 
stored in the refrigerator until used. The 
preparation served as an osmometer with a 
semiperraeable membrane separating M/1 
sucrose on the inside from distilled water 
against the mucosal surface on the outside. 
One membrane could be used several times 
if after each experiment it were reprocessed 
by repeating the above procedure. When re- 
processing was repeated on 5 separate mem- 
branes for 3 successive days the curves of the 
rate of osmosis obtained on the first day could 
be superimposed on those obtained on the 
third day, thus ruling out the possibility that 
reprocessing altered permeability. .A total of 
58 permeability experiments were done on 
30 processed membranes. 

Urinary bladder membranes maintained in 
the fresh slate were also studied. .After kill- 
ing the rabbits by a sharp blow across the 
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groups of final injury. In other words, our 
material underwent a change and we do not 
know whether this change was selective or 
not. 

Furthermore, we cannot give a numerical 
representation for the groups “no gangrene”, 
“partial gangrene”, “total gangrene". Our 
experimental results do not enable us to as- 
sume that the extent of necrosis is a continu- 
ous function of increasing severity of injury 
since all tj^pes of tissue do not show the same 
sensitivity to cold. 

The statistical data given in the paper serve 
only the purpose of showing that the constel- 
lation of figures on which our conclusions are 
based are not due to random variation. 

Summary. A total of 153 rabbits had their 
legs exposed to temperatures of -25°C or 
-15°C for 30 minutes and subsequently treat- 
ed with heparin administered intravenousls' for 
a period of 6 days. Twelve animals received 
20 mg of heparin every 4 hours, 39 received 
30 mg every 12 hours, and 102 received 30 mg 
every 6 hours. 

Eighty animals were frostjiitten at the same 
temperatures and for the same exposure times 
and used as untreated controls. 

A statistical analysis of the results showed 
that tissue necrosis from frostbite was not 


significantly less in the heparin-treateil 
animals. 

Of 1 S3 animals that were treated with hep- 
arin 74 died whereas 17 of 80 control animals 
succumbed during the e.xperlment. The fa- 
talities in the heparin-treated series were due 
to fatal internal hemorrhages in 53 cases; in 
17 instances to a shock-like condition es- 
pecially observed when the initial injection of 
heparin was delaj^ed 4 or more hours after 
injury, and 4 animals died from unknoira 
causes. 

Concltistous. 1. The e.xcellent results report- 
ed by Lange and his co-workers on the use 
of heparin in frostbite were not reproducible. 

• 2. The results of heparin therapj' by the 
regime recommended bj' Lange were not more 
satisfactory in our e.xperiments than those in 
untreated control animals. 

3. The death rate was significantly increased 
in animals that received heparin in doses pro- 
posed by Lange cf al. 

We wisli to give credit to Mr. Allyn Kimli.'ill of 
Hie Dep.Trtnicnt of Biometrics, .Scliool of .\viation 
Medicine, Bandolph Field, Texas, for iiiaking flic 
statistical analvsos of Hie experimental data. 

Received ~4H)^isn)rif>4F~ I>.kE.B..M., M»4P, 72. 
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It is well established that hyaluronidase 
increases the “permeability” of the ground 
substance and can thereby markedly facilitate 
the spread of India ink, dyes, bacteria, drugs, 
etc through the cutaneous tissues.^-- Hy- 
aluronidase may also facilitate the penetration 
of some drugs into the cornea by attacking 
the monosulfuric ester of hyaluronic acid of 
this tissue."' It was of int erest to m vesttgate 


1 Duran-Rcymils, F., Rnct. 
Moyer, K., PhyAoh Her., 104 


Per.. 1042, 


(1, 107. 
. 1 . 1 ,'.. 


the effects of hyaluronidase on the permea- 
bility of membranes both in vitro and in vivo 
since this has not been done heretofore. Such 
a study is of timely interest in light of the 
possible relationship of hyaluronidase as a 
causative factor in arthritis and the allevia- 
tion of arthritis by steroid.s such as Compound 

Most of the in vitro tests were made using 
the urinary bladder of the rabbit as a semi- 

a.9ciftcr, J.. .uim X. Y. Aend. Pci., in prcii. 
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I. 


EfTcct of Ilyaluronidnso and Steroids on the Permeability of Processed Membranes. 



Xo. of 
exp. 

-Avg rise 
at 3G0 mill, 
(mm) 

Eange 

(mm) 

iMedian 

(mm) 

Distilled water 

24= 

101 

67-189 

105 

Hvaluronidase 

10 

245 

130-300 

240 

Adrenal cortical e.xtraet* 

3 

91 

62-124 

87 

Adrenal cortical c.xtract -f hvaluronidase 

5 

125 

100-146 

125 

Cliolestcrol* 

0 

122.5 

120-125 


Cholesterol -f- hvaluronidase 

1 

133 



Estrone*^ 

2 

110.5 

110-111 


Estrone -h hvaluronidase 

0 

50 

29- 71 


Testo.sterone* 

1 

93 



Testosterone -)- iwaluronidase 

1 

176 




* Tliese membranes had mucli greater permeability in the control period when only distilled 
water was used. 


only in distilled water, since the released 
material might be soluble in physiological salt 
solution. Protein determinations of the super- 
natants were made b\' the sulfosalicjdic acid 
method, and some of the data are presented in 
Fig. 2. Each curve was obtained by averag- 
ing the milligrams percent of protein for the 
supernatants of 6 to 8 lenses. The data for 
distilled water and distilled water-hyaluroni- 
dase were taken only from lenses showing 
blistering or rupture in one hour in order to 
make a comparison with physiological salt 
solution-hyaluronidase which for some as yet 
une.vplainable reason became inactivated in 
one hour. Leakage of protein through the 
membrane immersed in distilled water or 
ph 3 'siological salt solution did not occur to a 
significant degree during the period when the 
lens was intact (curves A and B). Hyaluroni- 
dase caused leakage of protein through the 
membrane during this period (curves C and 
D). Individual capsules differed markedly in 
their resistance to injur\" b\' the h)'potonicit 3 ' 
of distilled water and to alteration of per- 
meabilii 3 - b 3 ' hyaluronidase. 

Urinary bladder vtcmbrauc. The results on 
the processed membranes are listed in Table 
I and t3-pified in Fig. 3. The rate of osmosis 
through a semi-permeable bladder membrane 
is shown b 3 - Cur\'e A. The distilled water at 
the end of the e.xperiment was sugar free by 
the anihrone method. Two of h 3 Tiluronidase 
per ml markedly increased the rate (Cur\-e B). 
.U the end of this e.vperiment the concentra- 
tion of sugar outside the membrane was 0.30 
mg per ml as compared with 0.34 mg per ml 


inside; therefore the semi-permeable nature 
was abolished. The permeabilit 3 f effect was 
reversible since removing the h 3 'aluronidase 



Rate of osmosis. (Urinarv bladder membrane 
scmi-pcrmoablf! to M/1 sucro.se). 

Curve A — Distilled water outside osmometer. 

Cur %’0 B — Hyaluronidase 1 : 10 ^ (assaying 7000 
T.R.U. per mg X) in distilled water (2 7 per ml). 

Curve C — Same concentration of byaluronidasc 
in distilled water as in curve B, but aquenus nd- 
renal cortical extract, 10 7 per ml, added at the 
arrow. 

Curve D — Same ooncentr.ation of byaluronidasc 
in distilled water as in curve B, but aqueous 
estrone, TJ.S.P., 10 7 per ml, added at the arrow. 
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cervical vertebrae, the urinary bladder was 
immediately removed, washed in Tyrode’s 
solution at 37 ± l^C, and bj’’ means of a 
purse string suture of surgical silk secured as 
quickly as possible to the open end of a 
thistle tube. The adventitia was inside and 
the mucosa outside. Tyrode’s solution con- 
taining M/1 sucrose was placed within the 
osmometer which was immersed in a beaker 
containing Tyrode's solution. Oxygen was 
bubbled into the solution on each side of the 
membrane. A freshly excised bladder was 
used for each of 21 experiments performed at 
37°C in a hot air incubator. 


The following were tested for their effect 
on permeability of urinary bladder mem- 
branes; (1) hyaluronidase; (2) adrenal cor- 
tical extract (10% alcoholic, Upjohn Co.); 
alcoholic solutions of cholesterol, testosterone, 
estrone, desoxycorticosterone acetate,! Equi- 
lenin,! and Equilin;! (3) alarm reaction in- 
duced by colchicine. The final concentration 
of alcohol in the steroid tests did not exceed 
S y of ethanol per ml. This concentration 
was found to have no effect on membrane 
permeability. All substances tested for effect 
on permeability were added to the solution in 
contact with the mucosal surface. 

Skeletal muscle membrane. The gastroc- 
nemius muscle of frogs of near weight was 
immersed in a bath of 50 ml distilled water 
or SO ml distilled water-drug solution, imme- 
diately removed from the solution and 
weighed after the water was shaken off. The 
muscle was then returned to its constant tem- 
perature bath maintained at 0 to 2°C. Thirty 
minutes after immersion and each one-half 
hour thereafter for 5 hours, the muscles were 
weighed. In several instances a weighing was 
also” taken at 24 to 48 hours. Seventy-five 
muscles were used in this study and the fol- 
lowing compounds were tested: h 3 'aluroni- 
dase; an antihistaminic, Neohetramine; and 
histamine diphosphate. 

Results. Lens membrane. Incubation of 
froT and rabbit lens in distilled water at 38°C 
resulted in progressive turbidityofAhe^sup^ 


the Sclwring Corp., Bloom- 
.)] N J. for the dc.soxrcorticosferone acetate, 
id’-Vverst,’ McKenna & Harrison Limited, -Mont- 
■al, Canada, for tl.e Equilenin and EquiUn. 


natant (Fig. 1, curve A). The lens capsule 
usuallj’- blistered in one hour and ruptured up 
to 6 hours later. Incubation in physiological 
salt solution, on the other hand, did not pro- 
duce turbidit}’’ and did not injure the capsule 
(Fig. 1, curve C). Addition of 0.05% 
hyaluronidase produced a marked increase in 
the turbidity of the distilled water (Fig. I, 
cur\'e B) but had no effect on the appearance 
of the physiological salt solution (Fig. 1, 
curve D). Tests with anthrone reagent" re- 
vealed that the turbidiUr was not due to re- 
lease of carbohj'drate material. This reagent, 
however, does not detect hj^aluronic acid or 
its breakdown products. 

It could not be assumed from the turbidity 
that hyaluronidase affected the permeabilitj’’ 



Fia. 2. 

Leakage of ))roteins from rabbit Icn-s exposed 
to hyaluronidase. 

Curve A — Lens ineubated at 37“C in distilled 
water. Capsule blistered in 1 hr. 

Cur\-c B — Lens incubated at 37°C in phj'siologi- 
cal salt sol. 

Curve C — Lens incubated at 37®G in 
hyaluronidnso (assaying D400 T.Tt.XJ. per ing X) 
in distilled water. Capsule blistered in 1 hr. 

Cun'c I) — Lens incubated at 37®C in O.Oo^ 
Iiyaluronidaso (assaj'ing P-tOO T.R.U. per mg X} 
in physiological salt sol. 

"Tjrorris. D. Science, 194S, 107, 254. 
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mosis through this bladder was more rapid in 
Tyrode’s solution alone than through normal 
bladder membranes treated with hyaluroni- 
dase. 

In order to determine whether an alarm 
reaction with the concomitant release of ad- 
renal steroids would affect the permeability 
of membranes, 3 mg colchicine per kg were 
administered subcutaneously to rabbits. Two 
such membranes were prepared. Osmosis was 
completely inhibited through them even in 
the presence of hyaluronidase.t One ml of 
plasma from a rabbit in colchicine alarm re- 
action immediately inhibited osmosis and re- 
versed the flow through a normal membrane. 

Striated muscle membrane. Thirty' gas- 
trocnemius muscles immersed in distilled 
water gained an average of 82% of their 
original weight in 5 hours, 87% in 24 hours, 
and 78% at 48 hours (Fig. 4, cur\'e A). 
Xeohetramine inhibited the uptake of water 
so that at 5 hours there was an average in- 
crease to 62%, at 24 hours 39%, and at 48 
hours only 31% (typical curve. Fig. 4, curve 
B), thus confirming the observations of Hal- 
pern” that antihistaminic drugs decrease the 
permeability' of skeletal muscle immersed in 
distilled water. The uptake of water in gas- 
trocnemius muscles immersed in a solution 
containing 0.1 to 0.2% histamine diphosphate 
was 73% of the original muscle weight at 5 
hours, 103% at 24 hours, indicating a slight 
“edema” effect, and 98% at 48 hours (ty'pical 
curve, Fig. 4, curve C). This concentration 
of histamine was sufficient to counteract the 
“anti-edema” effect of the lower concentra- 
tions of the anti-histaminic compound (Fig. 

n Iliilpcrii, B., person.nl communication. Pub- 
lished reference unavailable. 

t Preliminary in rilro .md in riro e.\periments 
indicate that cortisone acetate is as effective as the 
-alarm reaction. 


4, curve D). Xeohetramine in a concentra- 
tion of 1%, however, antagonized the effect 
of 0.1% histamine diphosphate. 

.\ddition of hyaluronidase in amounts up 
to 1% in the distilled water solution alone or 
in the distilled water containing histamine 
or Xeohetramine did not result in deviations 
from the usual behavior of the compound 
tested. The curves obtained in each instance 
could be superimposed on those shown in 
Fig. 4. Similar results were obtained with 
the rabbit soleus muscle incubated at 37°C. 

The e.vperiments with skeletal muscle are 
illustrative of our finding that hy'aluronidase 
does not enhance penetration of drugs in iso- 
lated frog hearts and does not affect ultra- 
filtration through frog skin. 

Siinimary. 1. Purified testicular hyaluroni- 
dase had no effect on the normal or altered 
permeability of skeletal muscle, cardiac mus- 
cle, or of isolated frog skin. 

2. Hyaluronidase strikingly' increased the 
permeability of the lens capsule and urinary' 
bladder membranes, and abolished their semi- 
permeable character. 

3. The enhancing effect of hyaluronidase 
on osmosis through the bladder membrane 
was increased by desoxy'corticosterone acetate. 

4. Adrenal cortical e.xtract, testosterone, 
and cholesterol abolished the enhancing effect 
of hyaluronidase. Estrone, Equilin, and 
Equilenin reversed the direction of flow 
through hyaluronidase treated membranes. 

5. Hyaluronidase did not alter the complete 
inhibition of osmosis through the bladder 
membrane of rabbits which had been e.xf)05ed 
to an alarming stimulus. 

6. The products released in vivo during the 
alarm reaction rendered bladder membranes 
impermeable even in the presence of hyalur- 
onidase. 

Iteecivod .August 12, 1949. P.S.E.B.M., 1949. 72. 



140 


Alteration in Permeability by Hyaluronidase 


TABLE II. 

Effect of Hyaluronidase, Steroids, and an Alarming Stimulus on the Permeabilit.v of Surviving 
Membranes. 



Xo. of 
expts. 

Avg rise 
at 3G0 min. 
(mm) 

Eangc 

(mm) 

Median 

(mm) 

Tyrode’s sol. 

5 

39 

3S- 40 

39 

Hyaluronidase 

0 

ICO 

159-lCl 

100 

Adrenal cortical extract -f hyaluronidase 

O 

74 

74- 75 


Estrone 

1 

20 



Estrone -f- hyaluronidase 

1 

13 



Desoxycorticosterone acetate 

1 

104 



Desoxycorticosterone acetate -f- hvaluronidasc 

1 

150 



Equilenin hyaluronidase 

1 

3 



Equilin -f- hyaluronidase 

1 

5 



Colchicine in vivo 

1 

0 



Colcliicino in vivo -f- hyaluronidase in vitro 

1 

0 



Plasma from rabbit in alarm reaction 

1 

13 




after the first hour decreased the rate of os- 
mosis, and adding it again at the third hour 
reestablished it. This alternation could be 
demonstrated for the first 6 hours. 

Ten 7 of either adrenal cortical etxract, 
testosterone, or cholesterol per ml inhibited 
the passage of water through the membrane 
immersed in hyaluronidase solution. This ob- 
servation resembles the in vivo inhibiting ef- 
fect of adrenal cortical extract on the spread- 
ing activity of h 3 'aluronidase® and decreased 
absorption through the sjmovial membrane.® 
Ten 7 of estrone per ml not onlj' stopped 
osmosis through the hj^aluronidase treated 
membrane, but reversed the flow (Curve D). 
Injection of estrone in vivo increased the re- 
sistance of the ground substance’® and of 
sjmovial membranes® to hjmluronidase. 

The results obtained with fresh membranes 
in oxygenated Tjmode’s solution were iden- 
tical with those just described and are listed 
in Table II. Further studies were carried out 
using an estrogenic type steroid. Twentj'-four 
7 of Equilenin or 30 y of Equilin per ml re- 
versed the flow of water through the hyalur- 
onidase treated membrane in a manner similar 
to that of estrone. When the compounds were 
removed and replaced wth a fresh solution of 
hyaluronidase and Tyrode’s solution, osmosis 


! Opsahl, J., White, A., and Duran-Ecyaals, P., 
lu K. T. Acad. Set, in press. 
iSeiftcr, J., Bacder, D. H., and Bcgany. A. J., 
oc Soc Exp. Biol, and JfcD., 1049, 72, in press. 
lOSprunt, B. H., and McBearman, S., Eadoenn- 
ipt/, 1940, 27, 893. 


proceeded as it had before the steroids had 
been added indicating that the membranes 
were not injured. 

Ten 7 of desoxycorticosterone acetate per 
ml enhanced considerably the effect of hyalu- 
ronidase on osmosis. To further study the 
action of this steroid, a rabbit was given 35 
mg desoxj'corticosterone acetate in oil intra- 
muscularly once a week for two weeks. Os- 



Inlluencc of .antihistaminics and histamine on 
lyopliilia of frog gastrocnemius mnsefo (im- 
mersed in distilled w.atcr at 2°C). 

Curve A — ^Distilled water. 

Curve B — O.l^o neohetramine hydrochloride in 
distilled w.ater. (1% neohetramine hydrochloride 
(muses the muscle to decrease below the original 
weight). 

Curve C— 0.1% to 0.2% histamine diphosphate 
in distilled water. 

Curve I) — 0.1% neohetramine hvdrochloridc plus 
0.1% to 0.2% histamine diphosphate in distilled 
w.ater. (1% neohetramine counteracts 0.1% his- 
tamine diphosphate). 
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Fig. 1. 

Growth of the methyl cholanthrcne tumor of rats 
in a Carrel culture flask. Growth index; S„— S|. 
S„ is the measured growth at different times and 
S, is the growth of the first day (before addition 
of the fluid phase). The sliadcd area A rep- 
resents the control culture (embryonic extract plus 
Einger's solution in fluid phase). The sliaded 
area B shows the cultures where the liquid ph.ase 
has been added tiviee (embryonic extract plus 
heparin 25 uig^if'). The solid lines show the cul- 
tures where the fluid phase has been added once 
(embryonic extract plus heparin 23 mg9<r). The 
time of growth is given on a logaritlimic scale. 
Arrows show the changes of the fluid phases. 



S, 

(S„ is the measured growth at different times, and 
S| is the growth of the first day). 

.\. Embryonic c.xtract plu.s Ringer’s sol. 

B. Emliryonic extract plus sodium heparinate 
(40 ingVe). 

C. Embryonic extract plu.s sodium salt of agar 
acid (40 mgei:). 


Before the fluid phase was added, the entire 
culture with the growth area was measured 
(Si). The growth area of the cultures {S„) 
were then determined everj* day. Data can 
be obtained from Fig. 1 and 2. 


Fig. 1 illustrates the growth of those cul- 
tures which were treated with sodium hep- 
arinate (0.2 mg per flask). In the e.\-peri- 
ments, controls and e.xperimental cultures are 
included. The fluid phase always contains 
the same concentration of growth promoting, 
water soluble, thermolabil substances of em- 
brj’onic (12 daj's old chicken embryos) 
tissue-e.xtract. To this fluid medium was 
added the test substances. The time is given 
logarithmicalh’ and indicates that the growth 
of the control cultures can be represented by 
a straight line from which the growth of the 
e.vperimental cultures deviates markedly. 
^A'hen heparin is added once to the fluid phase 
an obvious suppression of the growth is ob- 
sen-ed; but this suppression is later com- 
pensated. This compensation shows itself 
by a marked increase in growth, in some cases 
even greater than that of the controls. 

The heparin fluid phase in another series 
of cultures was changed twice. Under these 
conditions the growth was uniformly sup- 
pressed during the entire course of the ex- 
periment as shown bj' Fig. 1. Similar to the 
control cultures, the cultures repeatedly 
treated with heparin show a linear growth. 

In an additional e.xperiment, the growth of 
the cultures during continuous addition of 
sodium heparinate (40 mg ^ in every’ flask) 
and the sodium salt of agar acid was studied. 
Fig. 2 is a graphic representation of the rela- 
tive growth of the cultures. In this case, the 
time scale is not logarithmical. It can be seen 
from the figure that the growth of the e.xperi- 
mental cultures is considerably less than that 
of the controls. The most marked suppres- 
sion of the growth was obtained when the agar 
salt was used, but the sodium heparinate also 
gives a similar suppression of growth. Using 
standard methods we have not been able to 
observe any difference in the morphology- of 
the cells in the control and the cells in the 
experimental cultures. 

In vivo. As our e.vperiments have shown 
that the growth of tumor cells is suppressed 
by sodium heparinate and the sodium salt of 
agar acid, it seemed interesting to us to inves- 
tigate yvhether the cellular growth could also 
be suppressed in vivo. .Attempting to answer 
this question yve have inoculated intraperi- 
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Effect of Sulfomucopolysaccharides on Growth of Tumor Tissue.* (17356) 
A. Balazs and Hj. Holmgren (Introduced by A. Fischer.) 

From the Department of Experimental JJistoXogy, KarolinsVa Inslitntct, StocVltnhn, .S'lirdrw, 


Fischer' found that injury regeneration in 
tissue cultures is partially or completely sup- 
pressed by heparin. By treating transplants 
of Flexner-Jobling rat carcinoma with hep- 
arin, Goerner- could suppress its growth. 
Zakerzewskr'''*’ made a systematic investiga- 
tion of the influence of heparin on the growth 
of different tissues in vitro. He found that 
the growth of normal embryonic tissue was 
suppressed by heparin and that the same 
thing was true with Jensen sarcoma. He as- 
sumes that the growth-suppressing effect of 
heparin depends on an antiprothrombin ac- 
tion. Zakerzewski has also investigated the 
growth-suppressing effect of heparin on Jen- 
sen sarcoma in rats and on polymorphocellular 
sarcoma in mice. He could show' that less 
tumor growth and less necrosis resulted from 
intravenous treatment. Fischery using pure 
heparin preparations, later show’ed that the 
suppressing effect of heparin on blood-coagu- 
lation and tissue growth disappeared after 
boiling w'ith hydrochloric acid for a short 
time. 

Balazs® has shown that other sulfonated 
mucopolysaccharides (the sodium salt of agar 
acid and the calcium salt of chondroitinsul- 
furic acid) as well as heparin suppress the 
growth of embryonic tissue in vitro. This 
suppressing effect depends on negative groups 
that are part of the polysaccharide. He could 
also show that there was a parallelism be- 

• This work w.is xiided l).v the tVcnner-Grcii 
Foundation, Sweden. 

1 Fischer, A., rirchoie.i Arch., 1930, D-t, 279. 

e.Goerncr, A., J. Lah. Clin. Med., 1930, 10, 309. 

3 Zakerzewski, Z., Z. /. KreVsforseli., 1932, 30, 


513 . 

■» Zakerzewski, Z., Bnll. Intcrnat. de VAead. Pol. 
Sei. el Lettro Cl. Med., 1932, 238. 

.-Zakerzewski, Z., Arch. f. exp. Eellfor.oeh., 1932, 

'"^Srzewski, Z., KUn. Voeh., 1932, 11, 113 


and 158. 

7 Fischer, A., 


prniopUtsma. 1930, 20, 3-1-}. 


S Balazs, A., in press. 


tween the growth-suppressing effect and the 
number of negative groups per molecule. 
Only the undifferentiated tissues were found 
to be sensitive to the substances in question. 

It is not only the growth of proliferated 
tissues from higher animal species that is 
suppressed by' heparin. Fischer and NyslrowP 
showed that the growth of yeast cells was also 
suppressed by heparin. Heilbrimn and Wil- 
son'” w'ere recently able to demonstrate that 
heparin suppressed the mitosis of Chaelop- 
terus eggs after fertilization. This action is 
reversible and has no degenerating effect on 
the eggs. They assume that heparin prevents 
the mitotic gelation. 

Experimental. In vitro. Our in vitro e.v- 
periments were performed on tumor cells from 
methyl cholanthrene tumors of the rat. .All 
of the e-A-periments were performed on cul- 
tures in Carre! flasks using a 2 phase system. 
(D 5). The cultures were placed in chick 
plasma without embryonic e.xtract. In all the 
experiments the fluid phase of the control 
cultures has consisted of embry'onic extract 
and physiological saline. Instead of the 
physiological saline, equivalent amounts of 
sodium heparinate (0.4 mg per flask) were 
added to the tissue cultures in one series, 
and an equivalent amount of the sodium salt 
of agar acid in another series. In preparing 
the sodium heparinate we used the powdered 
form having 13.35% moisture: S, 11.47% 
and N, 2.00%. This preparation we have 
gratefully received from Professor E. Jorpes. 
The sodium salt of agar acid preparation was 
made according to Hoffman and Gortner from 
the commercial agar. The preparations were 
dissolved in physiological saline solution 
(Ringer), and the pH was controlled between 
6.7 and 7.2. In both cases the substances in 
question were added to cultures 24 hours old. 

■J Fischer, A., riml X.v.striim, 1’.. JHochcni. Z., 
1933, 202, 304. 

K* Hejlbrunn, L. V., anil Wil.sim, 'AV. b-, t'nOC. 
Koc. Exi*. Biol. .\nu Mm., 1949, 00, 1"9. 
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Fig. 1, 

Growth of the inethrl cholniithrene tumor of rats 
in a Carrel culture flask. Growth inflex; S„— Si. 
S„ is the measured growth at different times and 
S, is the growth of the first dav (before addition 
of the fluid phase). The shaded area A rep- 
resents the control culture (emhrvonic extract plus 
Bingcr’s solution in fluid phase). The shaded 
area B shows the cultures where the liquid phase 
has been added twice (embryonic extract plus 
heparin 25 The solid lines show the cul- 

tures where the fluid phase has been added once 
(embryonic extract plus heparin 25 mg9r)- The 
time of groivth is given on a logarithmic scale. 
Arrows show the changes of the fluid phases. 



Tile growth of the methyl cholanthrenc tumor of 

S -S 

Tuts Currot eiilturo flasl;s. Growth index: — 

S, 

(Sn is tlio measured g^o^Yth at diffcrcut times, and 
is tile growth of tlie first day). 

A. Kmhryoiiic extract plus Ringer’s sol. 

B. Ivinhryonic extract plus sodium heparinatc 

(40 mgVr). 

G. Kmhryonic extract plus sodium salt of near 
acid (40 rngtyr). 

Before the fluid phase was added, the entire 
culture with the growth area was measured 
(Si). The growth area of the cultures (S„) 
were then determined every day. Data can 
be obtained from Fig. 1 and 2. ' 


Fig. 1 illustrates the growth of those cul- 
tures which were treated with sodium hep- 
arinate (0.2 mg per flask). In the e.xperi- 
ments, controls and e.xperimental cultures are 
included. The fluid phase always contains 
the same concentration of growth promoting, 
water soluble, thermolabil substances of em- 
brj'onic (12 days old chicken enibrt’os) 
tissue-extract. To this fluid medium was 
added the test substances. The time is given 
logarithmically and indicates that the growth 
of the control cultures can be represented b}' 
a straight line from which the growth of the 
experimental cultures deviates markedly. 
When heparin is added once to the fluid phase 
an obvious suppression of the growth is ob- 
served; but this suppression is later com- 
pensated. This compensation shows itself 
by a marked increase in growth, in some cases 
even greater than that of the controls. 

The heparin fluid phase in another series 
of cultures was changed twice. Under these 
conditions the growth was uniformly sup- 
pressed during the entire course of the ex- 
periment as shown by Fig. 1. Similar to the 
control cultures, the cultures repeatedly 
treated with heparin show a linear growth. 

In an additional experiment, the growth of 
the cultures during continuous addition of 
sodium heparinate (40 mg % in everj’ flask) 
and the sodium salt of agar add was studied. 
Fig. 2 is a graphic representation of the rela- 
tive growth of the cultures. In this case, the 
time scale is not logarithmical. It can be seen 
from the figure that the growth of the e.xperi- 
mental cultures is considerably less than that 
of the controls. The most marked suppres- 
sion of the growth was obtained when the agar 
salt was used, but the sodium heparinate also 
gives a similar suppression of growth. Using 
standard methods we have not been able to 
observe any difference in the morphologj' of 
the cells in the control and the cells in the 
experimental cultures. 

/h vivo. As our experiments have shown 
that the growth of tumor cells is suppressed 
fay sodium heparinate and the sodium salt of 
agar acid, it seemed interesting to us to inves- 
tigate whether the cellular growth could also 
be suppressed in vivo. Attempting to ansiver 
this question we have inoculated intraperi- 
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toneally suspensions of cells from a solid 
Ehrlich’s carcinoma into 300 white male mice 
(20-25 g) in 3 experiments. 

In the first experiment the animals were 
given sodium heparinate together with the 
tumor cells intraperitoneally. In another 
series the animals were treated intraperi- 
toneally with sodium heparinate for a few 
daj^s aher the tumor had been inoculated. In 
both these e.xperiments it was found that the 
e.xperimental animals started to die a few daj'S 
later than the control animals. However, this 
difference was not persistent and the mor- 
tality curves gradually coincide. In a third 
e.\periment we have given a more consistent 
treatment. One hundred fifty mice were di- 
vided into 3 groups of 50 each. All were in- 
oculated with an equal amount of tumor cell 
suspension (1.5 million cells in 0.1 ml physio- 
logical saline). At the same time 50 animals 
were given 0.3 mg sodium heparinate and 50 
animals 0.3 mg of the sodium salt of agar acid 
subcutaneously. The third group served as a 
control. The e.xperimental animals w’ere 
treated daily with the same quantity of 
sodium heparinate and sodium salt of agar 
acid. The results obtained are seen from 
Fig. 3. The mortality of each of the series 
is calculated. It can be seen from the figure 
that the lines which represent the mortality 
of the 3 groups run parallel, which suggests 
that the difference between the groups is con- 
stant during the time of the e.xperiment. At 
the end of the e.xperiment, 11 days after the 
inoculation, 82% of the control animals, 72% 
of the heparinate treated animals, and 66% 
of the animals treated with agar extract had 
died. The experiment, it seems to us, indi- 
cates that there is a real difference in mor- 
tality between the control and e.xperimental 
animals. As the groups are relatively large 
this difference could hardly be due to mere 
chance but is by all probability due to the 
treatment. 

Discussion. Our results seem to confirm 
completely the statement of Zakerzewski that 
heparin suppresses the growth of tumor tis- 
sues in vitco. In addition to that x\e have 
shown that the sodium salt of agar acid has 
the same effect. The question arises how the 
effect of these sulfomucopolysaccharides is 
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Pig. 3. 

Dosage-mortality curve of ascites tumor of mice. 
Probits units are plotted against tlie logarithm of 
■ I lie time. 

A. Control animals. 

B. A total of 3 mg sodium heparinate injected 
subcutaneously during 9 days. 

C. A total of 3 mg of the sodium salt of the 
agar acid injected subcutaneously during 9 days. 

All the animals in the three groups have been 
given 1.5 million Ehrlich's carcinoma nscite.s cells 
intraperitoneally. The dosage-mortality curve h.is 
been calculated according to Bliss. C. L., QtinH. 
Pharmacol., 1D38, 11, 1D2. 

brought about in vitro. From this point of 
view there are two possibilities: either the 
sulfomucopolysaccharides used have a neu- 
tralizing effect on the growth promoting sub- 
stance present in the embryonic extract and 
the original tissue, or they act directly on the 
growing cell. Wiether or not the sulfonnico- 
polysaccharides in the latter case suppress 
mitosis and migration, we cannot decide. The 
effect seems to be specific as shown by Balazs.'' 
He found that the heart tissue from chick 
embryos pulsates faster and longer in a sub- 
strate containing sodium heparinate than in 
the control cultures containing embryonic ex- 
tract. Using a suitable concentration of 
sodium heparinate, the growth could be com- 
pletely suppressed in the former case. 

Concerning the e.xperiments in vivo it seems 
clear to us that death was delayed by treat- 
ment with sodium heparinate and the sodium 
salt of agar acid. We have not been able to 
prevent the death of the animals; but one 
must consider the fact that we are dealing 
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with a form of tumor which under these ex- 
perimental conditions in 12 to IS da3fs pro- 
duces a 100% mortaliUr in mice. How the 
treatment has influenced the tumor cells is, 
of course, hard to tell. Three possibilities 
seem acceptable: 

1. The sulfomucopoh^saccharides used have 
a neutralizing effect on the toxic products de- 
rived from the tumor cells. 

2. The sulfomucopol3'saccharides exercise a 
general resistance-increasing effect on the 
tissues of the organism, 

3. The sulfomucopol3'saccharides in ques- 
tion exercise a direct growth-suppressing ef- 
fect on the tumor cells. 

Naturall3% we have not been able to decide 
how the substances in question act; we onV 
wanted to suggest these possibilities. It is of 
interest to note that Cramer and Simpson^^ 
and Holmgren and Wohlfart^- have shown 
that in meth3'I cholanthrene tumors in mice 
and rats, great masses of mast cells can ap- 
pear. Cramer and Simpson point out that 
the mast cells in the skin increase in number 
before the tumors are developed, and that 
resistant mice show an ample number of mast 
cells in the skin. The3^ further point out 
that the reaction of the mast cell is involved 
in a defensive process directed against the 

11 Cramer, XV., and Simpson, W. L., Cancer Ees„ 
19t4. 4, GOl. 

12 Holmgren, Hj., and Wolilfart, G., Cancer jtes., 
1947, 7, OSG. 


development of skin cancer. The3- also point 
out that this is of interest as the mast cells 
contain heparin (Holmgren and IVilander’"') , 
Jorpes, Holmgren, and Wilander.*'' It is also 
of interest that h3’aluronic acid and other 
mucopoh’saccharides are wideh' distributed in 
different tissues. Balazs and Holmgren^^ ha\-e 
shown that sulfomucopol3’saccharides appear 
in injured tissue where the3' with all proba- 
bilit3^ have a suppressing effect on the growth 
of the regenerating tissue. 

Summary. Sulfomucopoh’saccharides (so- 
dium heparinate and the sodium salt of agar 
acid) suppress the growth of cells from meth3-l 
cholanthrene tumors in the rat in vitro. To 
ascertain whether the substances in question 
had a similar effect on growing tissues in vivo 
mice were inoculated intraperitonealh" with 
the suspension of cells from Ehrlich’s carci- 
noma, after which the3’ were treated in 
various wa3’s with sodium heparinate and with 
sodium salt of agar acid. It was found that 
the mortalit3^ of the control animals was 
greater than that of the treated animals. The 
results and various possible explanations are 
discussed. 

13 Holmgren, Hj. and XVilander, O., Ztschr. f. 

anat. Forsrh., 1937, 42, 242. 

14 Jorpes, E., Holmgren, Hj., and XVilander, 0., 
Ztschr. f. mil-r. anal. Forsch., 1937, 42, 279. 

15 Balazs. ,4., and Holmgren, Hj., Cell. Fes., 
1949, in press. 
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Detection of Mumps Virus in Mice Sacrifieed at Different Periods of Time 

after Injection. (17357) 


H. ;M. Powell and C. G. Culbertson. 

From the Lilly Research LoboratoricSf Indianopolis, ln^ia7in. 


During the past 2 3'ears we have experi- 
mented with the cultivation of mumps Hrus 
in embrx’onated chicken eggs, and have pre- 
pared inactivated virus vaccine for laboratotv' 
use and trial in human subjects.i 

In the course of a portion of this work, we 

1 .Mnntz, H. m , 001 ^ 11 ™. 

C. G,., J, fxih. nnti Mrtl„ 1P4£>. 34, Ipo 


have recenth’ attempted to infect (looking for 
both apparent and inapparent infections) 
several of the smaller laborator3’ animals. To 
date, we have not been able to bring about 
an3' such infections or produce definite gross 
or microscopic lesions. We have used “raw” 
periembrj’onic egg fluid virus, and also such 
vims after concentration hy the alcohol 
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TABLE I. 

Complement Fixation Tests of Pcriembryonic Fluids from Eggs Iiijeeted with Mouse Tissue Dilutions 
for Assay of Slumps Virus. Mice sacrificed 1 hour after iiijoetion of virus. 


Mouse Route Mouse Dilution: 

No. inj. organ 1 part in 


Complement fixation titer of egg fluids 
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method. Our negative results are in con- 
formity with those of others who used mainly 
“raw” (f-c. non concentrated) virus. In the 
course of these tests, however we have de- 
Srmined the titers of mumps virus in various 
^ nnH tissues at different times after in- 

‘"to s"'>“ 


with Enders strain- of mumps virus in periem- 
brvonic fluid. This virus had a 4+ comple- 
ment fixing (C.F.) titer of 1:16."* One group 
of mice received doses of 1.0 cc of this \irus 
intraperitoneally. The other group of mice 
received doses of 0.05 cc of this virus inlra- 
nasally. Pairs of mice from each group were 

Virus and iiifnrniatioii obtained from Dr. -L 
F. Enders, Boston, Ma.ss, 

SBcngtson, I. A„ Piibtic llotith IrV- 

.ID, 402. 
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sacrificed at 1 hour, 24, 48, 72 and 96 hours 
and at 2 and 3 weeks after injection. Dilutions 
of the homogenized organs obtained at autop- 
sy were injected into 7 day embrj'onated eggs, 
and after proper incubation the periembrj-onic 
fluids from these eggs were tested for the 
presence of mumps virus by the C.F. test. 

The results of the first test of mouse organs 
and tissues removed one hour after injection 
of mumps virus are shown in Table I. It is 
obseiv’ed that spleen, lung and liver con- 
tained considerable virus. A trace of virus 
was found in the brain, while none was found 
in the testes. Although further negative re- 
sults are not tabulated here, we found the virus 
neither in the pancreas, heart muscle, nor 
blood. 

In these experiments, the mice which re- 
ceived intranasal virus got only one-twentieth 
the amount of virus given intraperitoneally. 
This intranasal dose however was sufficient to 
give rise to demonstrable titers of virus in the 
liver and lung one hour after injection. 

Twenty-four hours after injection of mumps 
virus into mice we found, at autopsy, only 


traces of virus in the spleen, lung, liver and 
brain. As before, no virus was found in the 
testes, pancreas, heart muscle, and blood. 

No mumps virus was found in the organs 
and tissues heretofore e.xamined in mice sacri- 
ficed at 2, 3, and 4 days, and at 2 and 3 weeks 
after injection of virus. Negative results after 
these longer periods of time indicate that in- 
apparent infection does not occur. 

Summary. Slumps virus administered to 
mice intraperitoneally or intranasally appears 
within an hour in the lungs, liver, spleen, and 
to a lesser extent in the brain (in the latter 
case after intraperitoneal injection only.) 
Sojourn of viable virus in organs where found 
is short. Testes, pancreas, heart muscle, and 
blood were found not to contain virus at 
any time. Mice used in these tests of mumps 
virus did not e.xhibit symptoms of toxicity at 
all comparable to mice injected at different 
times in the past with influenza virus, although 
these 2 viruses are somewhat similar other- 
wise. 

Received Augu.^t 19, 1949. P.S.E.B.M., 1949, 72. 


Production of Acute Experimental Circulatory Failure by Graded Pul- 
monary Artery Constriction.' ( 17358 ) 

^Iatthew N. Levy! and Robert jM. BerneJ (Introduced by Carl J. Wiggers.) 

/■'ram Department of Fhysiotogy, TTentcrn Deserve University J/e<Iieril School, Cleveland, Ohio, 


Because of the practical and technical limi- 
tations of studying congestive heart failure in 
human subjects, numerous attempts have been 
made to produce heart failure in animals em- 
ploying man}’ different methods. Various 
drugs have been administered, including 
chloroform, ethyl alcohol, potassium chloride, 
cliloral hydrate, and diphtheria toxin,^ pos- 
terior pituilar}- extracts,- and quinidine,* in 
an effort to depress the myocardium. In ad- 

* Tliiii rcse.'ircli w:i.s .supported liy :i gr.ont from 
• till' lAfe liisur:inee Rese.nreli foundation. 

i t- . S. Pulilie lloiiltli Perviee Resoareii fellow, 
‘ Sarah Welt fellow. 

' fahr, G., and Iluehler, M. S., Am. Heart .J.. 
inta. en. 


dition, irritants have been injected into the 
pericardium^ and myocardium;'' the ventricu- 
lar wall has been severely cauterized,'’' the 
coronar}- arteries ligated, and the myocar- 
dial capillaries plugged with foreign sub- 

e Xolasco, .1. B., and Kolirinan, R., Proc. Soc. 
E.xe. Biol. .\xi> Med., 1947. CO, lOS. 

"Reiss, R. A., and DiPalma, .T. R., Am. J. 
Physiol., 194S, 15.J, 33fi. 

•* Armstrong, T. G., Quart. J, Erp. Physiol,, 
1940, BO, 293. 

"Luisada, .4.. .Vedieine. 1940, 19, 473. 

’■'Ktarr, I., .lefTers, W. A., and Jleade, R. II., 
Am. Ilrort J., 1943, 20, 291. 

1 Orias, O., Am. ,T. Physiol., 1932, 100. 929. 

t* Gross, L.. Mendlnwitz, M.. and .Sehauer, G., 
Pr.ov. Po<’. Exf. Bioi,. .\.s’n Mr.!>., 1939, IW. 449. 
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stances.® In general, there have been two 
serious drawbacks to these methods: 1) the 
difficulty in controlling the severity of the 
e.xperimental procedures, and 2) concomit- 
ant undesirable side effects, such as induction 
of arrhythmias and toxic actions on other or- 
gans of the bodjL 


Since a reduced cardiac output — ^\'ariously 
occasioned — is probabl}^ the initiating factor 
leading to the U'pical signs of congestive heart 
failure, the prerequisite for any technic at- 
tempting to produce experimental circulatory 
failure , is a reduction of the output of the 
heart without lowering the blood pressure to 
shock levels. Therefore, we have employed a 
graded pulmonary artery stenosis as an experi- 
mental approach to the problem. This pro- 
cedure possesses the following virtues: the 
cardiac output may be reduced significantly 
without concurrent marked changes in arterial 
pressure; a strain is placed on the right ven- 
tricle; any desired gradation of severit 3 ' may 
be applied rapidly and easily; and finallj', the 
procedure is readily reversible. 

Previous workers who successfully produced 
experimental pulmonic stenosis were interested 
in its relation to pulmonary embolism^® or in 
the cardiac dynamics of such a lesion, and 
only incidental attention was directed to the 
effects on the peripheral circulation. Further- 
more, there is only a narrow range of constric- 
tion which will give' changes simulating clini- 
cal heart failure. If the constriction is too 
mild, right atrial and aortic pressures remain 
unaltered, and the only observable result is 
some increase in the right intraventricular 
pressure during systole. On the other hand, 
if the degree of constriction exceeds the opti- 
mum, an uncompensated drop in cardiac out- 
put occurs with a decrease in arterial blood 
pressure to shock levels. 

Since we plan to utilize this technique in 
the future to determine the primarj- effects of 
reduction of cardiac output upon renal func- 


Smith, .L It., Am . J . FhvsioJ ., 

I4S, ir>S, 558. 

10 Gibbon, J. H.. Jr., Hopk.nson Jt :.„a 
I, urchin. E. P., J- Cnu. invest., 193-., 
nrineberg, -AL 
■eart J ., 1930, 11, 253. 


tion, it seemed advisable to supplement our 
knowledge of the , dynamic cardiovascular 
changes which are produced b}' increasing 
the resistance to right ventricular ejection. 
In addition, an attempt was made to elucidate 
the mechanism by which the central , venous 
pressure becomes elevated during this pro- 
cedure. 

Methods. Mongrel dogs weighing between 
8 and 16 kg were anesthetized with morphine 
followed by intravenous injection of sodium 
barbital (ca. 200 mg/kg). The chest was 
opened through the midline and respiration 
was maintained aftificiallj'. The pulmonar}- 
artery was dissected free near its origin, and 
was constricted bj' means of a strong cord 
noose attached to a screw device, permitting 
fine gradations of circular constriction. In 
each of the 13 e.xperiments which were suc- 
cessfully performed, right atrial and aortic 
pressures were optically registered by means 
of modified Gregg manometers. In 5 of 
these experiments, right intraventricular pres- 
sures were also recorded, and in S others the 
pressures in the pulmonarj’^ artery distal to 
the point of constriction were recorded. A 
calibration was made at the end of each 
record in relation to a fixed base-line. 

Results. No alterations in right atrial or 
aortic pressures could be detected until the 
pulmonary" artery' was constricted to a certain 
critical degree, estimated by previous work- 
ers^® to be about 60% of occlusion. Pressure 
pulses registered from the aorta and right 
atrium during progressive, gradual constric- 
tion of the pulmonarj' arterj' are presented 
in Fig. 1 and 2. For reasons outlined by 
Wiggers,*'- right atrial pressures were 
measured at 3 points in all curves; 

1. -A point — the maximum point attained 
during atrial sj’stole; 

2. Z point — ^just prior to closure of the 
A-V valves: and 

3. V point — ^just prior to opening of the 
A-V valves. These three points are indicated 
on the right atrial curve of record A in Fig. 1. 

Using these criteria, records B and C of 

12 WipjTors, C. .1., Plnjsiotiunj in tied 

Itiwasr, .'til oditiiiii. I.i.-;i & FobiRcr, I’liilnib4filii:i. 
inip. 



149 


Acute Experimektae Circueatorv Failure 

-- - ■ 1 



Pig. 1. 

Biglit (upper) and aortic (lower) pressure turves in experimental pulmonic stenosis. 

Hecord A — control; record B — minimal constriction lic.vond the critical degree; record C — 
slight additional constriction. 




B 


D 


140 

lOOj 

60 


A 'V «\/W 


ao 


G H’ 


Fig. 2. 

Bight atrial (upper) and aortic (lower) pressure 
curves during control (ri'cord .It and i>r' gressively 
more severe tmliuonic stenosis (records B through 
111. Discussion in text. 


Fig. 1 reveal that a two-stage mild constric- 
tion of the pulmonart,- artery caused a rela- 
tively large elevation of the right atrial pres- 
sure as compared to control record .-X, with no 
significant alteration in the aortic pressure. 
T his ri.'e in right atrial pressure is present 


at all points measured, but is most pro- 
nounced at the point, amounting to an 
increment of 46 mm ivater in B, and of S3 mm 
water in C. The aortic systolic pressure re- 
mained within 5 mm Hg and the diastolic 
within 1 mm Hg of the control levels, the 
larger pulse pressure being due to a slight 
slowing of the heart. Such records show that 
lesions causing increased resistance to right 
ventricular discharge can effect an increase 
in central venous pressure without altera- 
tion of the arterial pressure and without 
graphic evidence that left ventricular dis- 
charge has been decreased. 

We next studied an entire series of pro- 
gressively severe, graded constrictions of the 
pulmonary artery in order to ascertain 
whether immediately recognizable criteria 
could be established which enabled one to 
determine that a significant reduction in 
cardiac output had been produced without 
lowering the arterial pressure to shock levels. 
The effects of such a sequence of graded con- 
strictions are presented in Fig. 2. 

Minimal constriction of the pulmonarv' 
arterj' beyond the critical point has elicited 
a 35 mm water elevation of right atrial pres- 
sure at the V point in record B and a further 
increase to 40 mm water in C, as compared 
to control record A. with no significant altera- 
tion in the aortic pressure. The first sig- 
nificant decrease in the aortic pressure is 
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present in record D, falling to 149/102 mm 
Hg, as compared to the control value of 
155/110 mm Hg in record A. This slight 
drop in aortic pressure is accompanied by 
an additional rise in right atrial pressure of 
55 mm water above control. This then is 
the first definite indication that the output 
of the left ventricle has been diminished. 

With further compression of the pulmonary 
artery, the changes in right atrial and aortic 
pressures become more pronounced, as ob- 
served in records E through H. Even' in 
record G, the aortic pressure is stilt within 
normal limits (116/80 mm Hg), while the 
central venous pressure has risen to 123 mm 
water above control levels, measured at the 
V point. Veiy slight additional constriction 
then produced a fall in aortic pressure to 
shock levels (record H). Throughout the 
entire series of records, no significant change 
in heart rate is present. 

The circulatory conditions represented in 
records D to G simulate the cardinal fea- 


closely those described by Little during ex- 
perimental tricuspid regurgitation,^''’ and were 
recorded at a time when the central venous 
pressure was v^erj' high and the right ventricle 
was markedly dilated. Preliminarj’’ tests 
utilizing the injection of a small amount of 
concentrated dye (T1824) into the right 
ventricle tended to confirm the presence of 
tricuspid insufficiency. Within 3 to 5 seconds 
after injection during severe pulmonic stenosis, 
the concentration of dye in the right auricle 
and right ventricle were almost identical, and 
the amount of dye recovered from both sites 
was verj' large. 

To further supplement our knowledge of 
the altered circulatory dynamics of pulmonic 
stenosis, pressures were recorded in several 
experiments from the pulmonary arterj'- distal 
to the point of constriction during progres- 
sive compression of the pulmonary arter.v. 
As illustrated in Fig. 3, slight constriction 
bejmnd the critical point elicited a vibrator}' 
irregularity representative of a systolic mur- 


tures of clinical congestive heart failure, seen in the pulmonary artery cur\'^ 

namely elevation of central venous pressure, records B and C. In record B, the aortic 
reduction of cardiac output, and an arterial pressure was slightly depressed, although quite 
pressure within normal limits. We have been frequently a pulmonic murmur was obser\'ed 
able to maintain these conditions for four before any alteration occurred in the aortic or 


hours or more, requiring only minimal ad- 
justments of the clamp. Therefore, we shall 
attempt to reproduce these stages during our 
anticipated studies on the effects of reduced 
cardiac output upon renal function. The con- 
ditions existing in record H would, of course, 
be unsatisfactory since the arterial pressure is 
within shock levels. Stages B and C also 
would be unsatisfactory', since minute changes 
in cardiac output which might be present 
would probably be within the limits of error 
of any method for measuring the cardiac 
output (c.g. Fick principle). 

A more detailed perusal of Fig. 2 reveals 
additional information which is not directly 
pertinent, but which is of some importance. 
It is evident in the right atrial curr-es regis- 
tered during relatively severe stenosis of the 
pulmonarv'- artery (records E through H) that 
a steep rise in slope occurs dunng ventricular 
svstole, reaching a peak near the end of 
v'entricular systole. These curc-es simulate 


right atrial pressures. Furthermore, in some 
experiments the pulmonary artery and aortic 
pressures were slightly elevated when con- 
striction just sufficient to produce a murmur 
was applied. In the pulmonary artery cur%'es 
of records C and D, a sharp peak is present 
at the very' beginning of systole. 'This is 
analogous to the anacrotic incisura described 
by' Katz, Ralli, and Cheer in e.xperimental 
aortic stenosis.’^ jMore severe constriction 
eventually resulted in a marked fail of systolic, 
diastolic, and pulse pressures in the pulmonary 
artery', as seen in record D. lluth release of 
constriction, these pressure changes were re- 
versed, often with a transitory elevation of 
pulmonary artery' pressures above control 
levels. 

Right intraventricular pressures were re- 

13 LitUe, It. C., Puor. f<oc. E.vr. nioi,. .\.vi> Mr.n., 
I04S. <18, noc. 

H Katz. Ij. X.. TJ.nlli, K. t’.. ann Cla-cr, S. . 

.T. Clin. Invest, IOCS, n. CO.'. 
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Fio. 3. 

Pulmonary artery (ujiper) and aortic (lower) pressure curves during the 
control period (record A) and during gradually progressive pulmonic stenosis 
(records B ttirougU D). 


corded in several experiments during experi- 
mental pulmonic stenosis, and the findings 
were in accord with those reported by Fine- 
berg and Wiggers.” To repeat these findings 
briefly, degrees of occlusion below about 60% 
elevated the systolic but not the diastolic pres- 
sures (initial tensions), while aortic and right 
atrial pressures were unaffected. This systolic 
pressure rise is believed to be a passive 
phenomenon, due solely to the increase in re- 
sistance, irith no alteration in the force of 
ventricular contraction. Further degrees of 
occlusion eventually produced an elevation 
of initial tension as well as of systolic pres- 
sure. However, very soon after the rise in 
initial tension appeared, the systolic pressure 
began to diminish as the constriction progres- 
sed. This was considered by Fineberg and 
Wiggers to be evidence of myocardial failure, 
due to tremendous stretching of the myo- 
cardium. perhaps combined with diminished 
coronary flow, the result of decreased aortic 
pressure. 

Discussion. .As previously reported by 
Gibbon, Hopkinson, and Churchill progres- 
sive compression of the puimonarj' artery 
beyond about 60% of occlusion produces a 
gradual elevation of central venous pressures 
and a fall in aortic pres.sures. With carefully 
graded constriction, we were usually able to 
reach a point where a moderate elevation of 


right atrial pressure could be elicited with 
no significant alteration in the aortic pressure. 
With more severe degrees of occlusion, aortic 
pressures dropped, the right ventricle became 
markedly dilated, and curves were often ob- 
tained which were characteristic of tricuspid 
regurgitation. In attempting to e.xplain the 
elevation of central venous pressures during 
this procedure, the marked venous distention 
observed during severe pulmonic stenosis in- 
dicates that the principal factor is an in- 
crease in the quantity of blood within the 
central veins. It is frequently stressed by 



Pig. 4. 

Plot slio'ving tlio cITccts in successive bents of an 
abrupt occlusion and subsequent release of tbc 
main pulmonary artery on aortic sj-stolic (1) .and 
diastolic (2) and on pulmoimry systolic (3) and 
diastolic (4) pressures, tlie batter two recorded 
dist.al to the oecludinf: clamp. Discussion in text. 
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present-day investigators that it is dynamic- 
ally impossible to produce an elevation of the 
venous pressure combined with a reduction 
in the cardiac output unless the blood volume 
is augmented. To prove this concept, many 
involved and complicated experimental pro- 
cedures and physical models have been con- 
trived.®’^'’’’'® Simple and decisive expedients, 
such as were used in this research, have large- 
ly been ignored. Our results demonstrate 
unequivocally that an increase in total blood 
volume is not an obligatory factor in causing 
an elevation of the central venous pressure, 
since extreme pressure variations can be pro- 
duced within a few seconds, and can be 
maintained for many hours. The increase in 
the volume of blood contained within the 
central veins during our e.xperiments is in- 
dependent of any changes in total blood vol- 
ume, and must be due to redistribution of the 
blood already present within the circulator)' 


system. 


Sufficient reduction of the lumen of the 
pulmonary artery acts primarily to diminish 
the output of the right ventricle. Initially, 
therefore, following constriction of the pul- 
monary artery there is a brief period in which 
the venous return to the heart e.xceeds the 
amount of blood pumped away by the right 
ventricle, resulting in a progressive increase 
in central venous pressure. Due to the de- 
creased cardiac output, however, the venous 
return gradually diminishes, until it again 
becomes equal to the reduced cardiac output. 
The right atrial pressure then becomes re- 
stabilized, but at a higher level of pressure. 
It is within the relatively brief period during 
which there is an inequality between the 
cardiac output and venous return that a re- 
distribution in the circulating blood volume 
has occurred. The problem resolves itself into 
an attempt to determine the source of the 
blood which contributes to the venous return 
over and above the suddenly diminished out- 
put of the right ventricle during this short 


period. 


Fig. 4 presents grap^p roof that a shif t 
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of blood does occur between the pulmonic 
and systemic circulations during pulmonic 
stenosis. Following a sudden drastic occlu- 
sion of the pulmonary artery, the systolic and 
diastolic pressures in the pulmonai)- artery 
distal to the point of constriction dropped 
abruptly, and the pulse pressure was reduced 
almost immediately to minute values. How- 
ever, systolic, diastolic, and pulse pressures 
in the aorta diminished ven- gradually over 
the course of about 30 beats. Thus, ivhile the 
entry of blood into tlie pulmonari' circuit was 
markedly reduced, blood still was e-vtracted 
from the pulmonary vascular bed at almost 
the normal rate for a few cardiac c)-cles, and 
at a slowly diminishing rate for many more. 
When the constriction was suddenly released, 
the pulmonary arterial pressures rose almost 
immediately to super-normal values, while the 
aortic pressures recovered much more gradu- 
ally, indicating a refilling of the depleted 
pulmonary vessels to normal. Thus, our data 
favor the concept that the lungs serve an 
au.xiliary function as a rather efficient blood 
reservoir interposed between the right and 
left ventricles. In addition to a shift of blood 
from the pulmonic to the s)-stemic circuit, it 
is verj- possible that a transfer of blood oc- 
curs within the systemic circuit itself. This 
may take place from the arteries, capillaries, 
and small veins toward the central veins, or 
blood might be released from the various 
blood reservoirs located on the systemic side 
of the circulation, notably the spleen in the 
dog. This possibility deseiA’es further study. 

Summary and conclusions. An e.vperimen- 
tal attempt was made to simulate acutely the 
cardinal circulatory' changes of congestive 
heart failure for the purjKise of creating a 
preparation in which the incipient effects on 
renal function could later be studied. 

Optically recorded pressure pulses from the 
aorta, pulmonary artery, and right atrium arc 
presented, and show that Judicious compres- 
sion of the pulmonary artery can reduce the 
output of the left ventricle significantly with- 
out incurring a drastic fall of arterial pre.ssure. 
These dynamic studies also revealed that 
such graded pulmonary artery constriction 
results in (a) a reduction of pulmonary 
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tolic and diastolic pressures distal to the con- 
striction, and the development of' a systolic 
murmur, (b) a rise in maximal and initial 
tensions in the right ventricle, and (c) an 
elevation of right atrial pressures. In some 
instances, relative tricuspid insufficiency de- 
veloped. 

The eler-ation of central venous pressure 


is obviously associated vith translocation of 
a large volume of blood to the venous side of 
the circulation. Evidence is presented that 
a part of this transfer occurs from the pul- 
monarj- vascular bed, although it is admitted 
that a shift may also occur nithin the systemic 
circuit itself toward the central veins. 

Received August IP, 191?. P.S.E.B.^5., 1949. 72. 


Cultivation of Poliomyelitis Virus in Cultures of Human Foreskin and 
Embryonic Tissues.* (17359) 

Thomas H. IVeller,! Frederick C. Robbins,! and John F. Enders. 

From (hr lirscarch Division of InfeciiouJi Diacoses:^ ChUdrcn*x JJotipitaU Dpporlmoit of 
Tropicai Public HraWij Horiardf School of Public Health, and the Depart inmia of Bactcriolopp 
and Pcdiairicis, Harvard Medical Schoolf Bouton, Mass. 


Recently, the propagation in vitro of the 
Lansing strain of poliomyelitis virus in human 
embryonic tissues was reported and erndence 
presented that this virus is capable of multi- 
plying in cells other than those of nervous 
origin.’ These e.vperiments have been con- 
tinued and this agent now has been carried 
for a total period of 224 days through 13 
serial cultures in which the tissue consisted 
of mixed human embryonic skin and muscle. 
This strain has also been maintained for 173 
days in two lines of 11 serial cultures each 
and composed respectively of human embr\'- 
onic intestine and brain. 

•Additional e.vperiments described here in a 
preliminarv’ manner are reported. Two ob- 
jectives were in mind; (a) to determine 
whether the Lansing strain was capable of 
multiplying in completely differentiated non- 
ncrvoiis tissue as well as in embrv'onic tissue; 
(b) to determine whether the Brunhiide strain 
of poliomyelitis virus — a strain immunologi- 
cally distinct from the Lansing group" and not 

* .\h1ci 1 liy a fjrant frimi tin- N.afion.i! Fouml.a- 
tion for I'oruimyi'Vitis, liu’. 

t Work wliiio a ]h><( dnctoratv Follow of 

(ho fnitrd Ftatos Public Health Porvicp. 

; Senior Fellow in Virus Iiiseases of the Na- 
tidnut (<»unciL 

M:nile.-.s, .1. F.. Weller. T. li.. ainl Rob!,in«, 
F. Scifiirr, Ul!». S.!. 


adaptable to rodents — could, like the Lansing 
strain, be cultivated in non-nervous human 
embrv'onic tissues. 

Propagation of the Lansing strain in human 
foreskin tissue. As a source of completely 
differentiated non-nervous tissue fragments of 
human foreskin were employed. The use of 
this tissue was suggested by the report of 
Blank, Corieli, and Scott;'' who explanted it 
on the chorioallantoic membrane according to 
the method of Goodpasture. The material 
was derived from patients between 4 and 11 
years of age. Each prepuce was sufficient for 
the preparation of at least 8 cultures and 
before mincing was washed 2 or 3 times in 
nutrient fluid'* containing 50 units each of 
streptomycin and penicillin per ml. The fluid 
phase of the cultures, which contained the 
same concentration of antibiotics was removed 
and replaced at intervals of 4 days. The 
original set of cultures was inoculated with 
0.1 cc of a lOfc suspension of pooled mouse 
brains infected with the Lansing strain. .As 
inoculum for subcultures 0.1 ml of the pooled 

e Rodinn, !>., Mor;:.-in. I. M.. :m(i Ilnwr, H. A., 
-Im. J. Ihip., 1949, 451, e?,4. 

Rtaik. H., Coridl, L. 1... ;in,i .v.oit, T. F. 
MrNair. Pkoc, So('. Exi>, Biou .\ni> 194S, 

«1». 341. 

* Wellrr, T. H., niiil Kmli'rs. .T. F., pRoc. sev;, 
Kxp. Biou l.n-js, «<>, 1C4. 
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TABLE I. 

MiiUililicatioii of Lansing Poliomyelitis Virus in .Human EorcsRin Tissue. 


Culture set 

Xo. of nutrient fluid 
changes prior to 
subculture 

D.ny of incub.ation 
subculture done 

Mouse LD.-in of pooled 
fluids used to inocu- 
Inte subcultures 

C.ilculntcd dilution 
of original inoculum 
at time of .subculture 

Original* 

4 

20 

10-1.0 

10-0 

1st subculture 

.3 

IC) 

10-i.T 

10-11 

2nd ” 

3 

10 

10-i.e 

10-10 

3rd ” 

4 

20 

10-0.0 

10-22 

4tli ’ ’ 

Ctli ” 

3 

(in progress) 

10 

10-1.0 

10-21 


* The LDjq of the infected mouse brnin used in the oiiRiiuiI inoculum was 0.1 cc of a 1:50 

dilution of brain was employed and the c.alcul.ated mouse LDjq titer of the fluid phase immediately after 
inoculation was equal to 10-0-5. 


centrifuged fluids removed on the 16th or 
20th day of cultivation from the preceding 
set of cultures was used. 

In the experiment summarized in Table I 
the virus was maintained for 88 dai's through 
5 serial cultures of human foreskin. During 
this inter\'al the fluid phase was removed and 
replaced 17 times. Pooled centrifuged super- 
natant fluids removed from the 4th culture 
series on the 20th day of cultivation when 
inoculated intracerebrally produced paralysis 
in a rhesus monkey. Histological changes 
consistent with a diagnosis of poliomyelitis 
were observed in the monkey’s cord. Super- 
natant fluids removed from each serial culture 
produced paralysis in mice on intracerebral 
inoculation. Mice injected with fluids from 
uninoculated control cultures of tissues from 
the same sources remained well. It w'as cal- 
culated that during the 88-day period of cul- 
tivation the suspension of virus originally 
inoculated had undergone a dilution of at 
least 10--k It would appear, therefore, that 
the Lansing strain is capable of multiplication 
in the presence of well differentiated skin and 
subcutaneous tissue and in the absence of in- 
tact nerve cells. 


Propagation oj the Brunhildc strain in 
human cmbrvonic tissues. Two series of experi- 
ments were initiated utilizing the same technic. 
In one, the cultures consisted of mixed skin, 
muscle and connectii’c tissue from the e.xlrenii- 
ties of human embryos of 3 to 4 months gesta- 
tion and in the other of brain tissue from the 
same embryos. In each, the original set of 
niltures was inoculated with 0.1 cc of a lO/o 
. Sspension of monkey cord infected noth the 


Brunhilde strain of poliomyelitis virus, sup- 
plied through the kindness of Dr. H. A. Howe. 
The skin and muscle series was subcultured 
three times to fresh tissues and the brain series 
twice. 

Following intracerebral inoculation into 
rhesus monkeys of pooled centrifuged super- 
natant fluids of the skin-muscle series on the 
12th and 21st days, respectively, from the 
second and third subcultures, muscular weak- 
ness of the lower extremities was obserx'ed. 
Histologic e.vamination of the cords from 
these animals revealed changes consistent with 
infection by the virus of poliomyelitis. Fluids 
from the second subculture of the series pre- 
pared with brain tissue also produced paraly- 
sis on intracerebral inoculation into a rhesus 
monkey. No illness resulted after intracere- 
bral inoculation of a portion of the same 
pooled supernatant fluids, from the 3rd sub- 
culture into Swiss white mice. 

These findings indicate that the Brunhilde 
strain had been maintained for 73 days in the 
skin-muscle cultures and 39 days in those of 
brain. It was calculated that during the 
longer period the original inoculum of virus 
had been diluted 10 -- times as a result of 
subculture and changes in the fluid phase. 

■According to Bodian^' the usual titer of 
monkey cord infected with this strain for the 
rhesus monkey is 10'®. From the calculated 
dilution of the primary inoculum of the tissue 
cultures, it may, therefore, be inferred that 
this strain, like the Lansing virus, also multi- 
plies in vitro in the presence of non-nervous 
tissue. Whether or not it can be propa,^led 
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indefinitely under these conditions must await 
further investigation. 

V>'e nte grateful to members of the Staff of the 
Boston Lying-in Hospital and tl)c Cliildrcn's Hos- 
pital for supplying the tissues. IVe also acRnoml- 


edge witli tlianks tbe indispensable assistance in 
the c.’cperimental work of iMargueritc Buckingham 
and Jeanette Levens. 


Received August 24; 1949. P.S.E.B.H., 1949, 72. 


Fluorocardiography (Electrokymography) During Normal 
Respiration. (17360) 

Aldo a . LtnsADA AND Felix G. Fleischner. 

From the Department of FacVolog}!, Beth Israel Dospital, Boston, Mass. 


Previous studies^-- described an apparatus, 
utilizing our modification of the Henny-Boone 
method of electrokymography, and the 
helical patterns of tracings recorded over the 
major cardiovascular and pulmonarj- struc- 
tures. Fluorocardiography was suggested as 
more descriptive than previously employ^ed 
names for the method. 

In previous studies, the tracings were re- 
corded during voluntary apnea in an inter- 
mediate phase of respiration. Comparative 
obser^'ations showed that the pulsations of the 
lung (and, to a lesser e.vtent, those of the hilar 
shadows and the pulmonary artery’) were 
greater during inspiration than in sustained 
expiration. For practical purposes, an inter- 
mediate phase was chosen; a few words of 
inslniction usually sufficed to teach the pa- 
tient to hold his breath without excessive 
inflation or deflation of the lungs. This pro- 
cedure was followed without demonstrable 
disadvantage in our entire series of clinical 
cases during 1947 and 1948. On the other 
hand, it was found difficult to obtain reliable 
tracings in children and patients with chronic 
diseases of the lungs who were unable to con- 
trol their respiration because of age or 
dyspnea. For this reason, an attempt was 

1 Luipada, .t. Flcipflmcr, F, G.. ami Rnppa- 
port, .M. B., .(m. Heart .1., 394S. Hr,, 330. 

- LtiipaOa, .\. .\., FiL’jscIincT, F. G., and Rappa- 
pnrt, yf. B., .Iin. Iltart J., 194S, a5, 34S. 

SHoiiny. G. C., and Boone, B, R., elm. J. Boent- 
urn.. 1943, r>I. 217. 

4 Ilcnny, G. C.. Boone. B. R,, and Cbambcrlain. 
IV. K., Jm. J. /.’odifpcii., 1947, .17, 409. 


made to overcome this difficulty by technical 
means. 

Technical aspects. The problem was pre- 
sented to Maurice B. Rappaport, E.E. He 
suggested that a filter may be introduced to 
minimize respiratory’ effects though with the 
introduction of some error. 

Wandering of the base line caused by 
respiration may’ be reduced considerably by 
altering the electrical time constant of the 
apparatus. When this constant is shortened, 
there is a proportionally greater attenuation 
of the coarse as compared with the more rapid 
waves. Respiration is represented by ex- 
tremely slow waves in the fluorocardiogram, 
far coarser than any’ of those caused by' car- 
diac action. .A suitable condenser, or filter, 
introduced between the fluorocardiograph and 
the recording galvanometer, may’ modify the 
time constant of the apparatus; the smaller 
the condenser, the lesser is the electrical con- 
stant. Condensers of various size, which may’ 
be introduced by means of a switch, permit 
selection of the optimum time constant, 
namely the minimum value producing a 
fluorocardiogram that does not wander off the 
paper. The reduction of the electrical time 
constant of the apparatus does introduce a 
certain degree of error in the fluorocardiogram 
which is dependent upon the amount of re- 
duction. The error presents itself in two 
forms: one is a slight error in the phase (or 
actual time) of registration of the component 
waves: the other is a slight change in their 
configuration. However, there is no elimina- 
tion of the essential component waves present 
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Fig. 1. 

Pulsations of the inilmoiiniv parcnehynin (visi- 
ble base of right lung) in a iionual subject in 

apnea. . ^ ^ 

(a) Conventional tracing (clensogram). 

(b) Tracing obtained by adding an electrical 
filter. 

under normal operating conditions. The filter 
used was arranged with an adjustable degree 
of low frequency damping. For optimal re- 
sults, the degree of filtration was selected in 
each case to give a readable tracing with a 
minimal distortion of the fluorocardiogram. 

Using this filter, it was possible to record 
the pulsations of the pulmonary vessels or any 
other cardiovascular structure during normal 
respiration with the following precautions: 

(a) Whenever possible, the subject is in- 
structed to breathe evenly and slowly, with- 
out sudden gasps. 

(b) The roentgenologist observ'es the struc- 
ture which is being studied and makes sure 
that it is not moving in and out of the slit 
durin-^ the respiratory movements. 

In Uie practice, that degree of damping is 
chosen which will decrease the slow respira- 
tnrv'' swin<T of the beam to a minimum with 
onlv slight diminution in amplitude of the 
vvave/ca\.sed by cardiac action. As shown in 
Fig 1 a slight deformation of the waves is 
-AoWp However, comparative studies 
TS “h'I and Initial rise ol the pnl«. 

A with the same degree of damping under 
stilar edition, proved the ob- 


servations reliable. By means of the filter, 
several new studies were made possible. 

Results. (.A) Fluorocardiogram oj the 
child. This fluorocardiogram, obtained by 
means of the above described filter, still pre- 
sents occasional irregularities or wandering of 
the base line. This is due to the fact that 
children frequently exhibit a sharp beginning 
and end of inspiration with an abrupt change 
in phase; the filter cannot prevent slight 
wandering of the base line because of the 
irregularity and frequencj' of the respiratory 
waves. Nevertheless, clearly visible cardiac 
waves were obtained over all those cardio- 
vascular and pulmonary structures which had 
been studied previously only in adults (Fig. 
2). Now the field is open for the study of 
congenital heart diseases in childhood. In 
particular, the observation of a reduced am- 
plitude of the pulsations of the pulmonary 
parenchyma is promising in the diagnosis of 
pulmonary stenosis. 

(B) Emphysema and pulmonary fibrosis 
with or without cor pulmonale. In previous 
observations, we studied patients with chronic 
cor pulmonale who had only mild dyspnea 
and were able to hold the breath during the 
recording of fluorocardiograms. Other sub- 
jects with severe dyspnea yielded only poor 
tracings. By using the above described filter, 
two cases of chronic cor pulmonale with severe 
dyspnea were studied. .As shown by Fig. 3, 
the details of the pulsations of the pulmonary 
and aortic knobs, as well as the pulsations of 
the lungs were recorded without difficulty. 

(C) Congestive failure. Several cases of 
congestive failure have been studied by using 
this filter. These cases, which previously 
yielded only poor tracings, are currently 
studied and interesting observations arc made 
concerning the lesser circulation. 

(D) Elimination oj slnsv waves of cardiac 
origin. In certain cases, a combination of 
cardiac disorders in an individual hinders a 
careful study of each. One patient observed 
by us had tricuspid insufficiency and auricular 
flutter. The study of the right auricle b> 
means of the conventional apparatus revealed 
a systolic plateau similar to that previou.sh 
described by us in the left auricle of patientH 
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TraiMiips recorded on a 5*yoar-old normal boy during normal respiration 
with the use of the electrical filter, 

A — Left ventricle; It nr Pulmonary arch; C = Aortic arch; D = left 
auricle (right oblique); E = Right auricle; I' = Right hiluin; G = right lung; 
a— auricular wave of the auricular tracings. 


A I ^ 
It ’ 



i k' I 
lA’ I 


Fig. 3. 

Tracings obtained during respiration by the use 
of the filter in a patient with severe pulmonary 
emphysema and dyspnea (border tracings). 

(a) Pulinonnry knob; (b) Aortic knob. 

with mitral insufncienc}’ and due to regurgi- 
tation of blood from the respective ventricle.^ 
On the other hand, use of the filter permitted 
recognition of the rapid auricular rate of con- 
traction (300 per minute) by eliminating part 
of the slow wave caused by the tricuspid in- 
sufficiency (Fig. 4). 

Sitvimary. (a) Fluorocardiograph\- during 
normal respiration is possible by the use of 
an additional electrical filter, the physical 

•' Luisadn, A. A., and Fleiscbner, F. ti., Am. J, 
^fr(L, Ip-IS, 4, 701. 
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Fio. 4. 


Tracings obtained during respiration in a patient ndtli congestive failure, 
tricuspid insufficiency, and auricular flutter. 

(A) Border fracing of right auricle (conventional tracing). A systoiic 
pl.ateau (SP) due to valvular insiiffleieney is apparent. 

. .. (B) Border tracing of right auricle (use of the filter). The rapid suc- 
cession of auricular contractions (rate of 300) becomes .apparent (a, a, a). 


Iiasis and principle of which are given. 

(b) By using the filter, it is possible to 
record the fluorocardiogram of the child. 
This is of particular importance in congenital 
heart diseases. 

(c) By using the filter, it is possible to 
study dyspneic cases of emphysema, pul- 


monary fibrosis, or congestive failure. 

(d) The use of the filler eliminates those 
slow waves of cardiac origin which mat' in- 
terfere with other rapid cardiac waves whose 
study is more important in particular cases. 

Received August 29, 1919. P.S.E.B.JI., 1919, 72. 


Determination of Iodine-131 in Urine.' (17361) 


R R Edwards, W. A. Reilly, and R. G. Holmes (Introduced by B. B. lEells.) 
From Pepartmcnt of Pediatrics, University of ArTcansas School of Medicine, Little Loci:, Arl. 


In conjunction with research on the diag- 
stic and therapeutic value of radioactive 
line (8 0 day 1-131) in disorders, 

simple and accurate procedure for deter- 
ning the amount of ra dioiodme c.vcretcd 

was 

led and obtained on allocnt.on from the 

omic Energy University of Arhans-is. 

rournal Series ^o. 8SS, univcr.ny 


is needed. • Preparation of counting samples 
by evaporation of urine samples to dr}'- 
ness is a tedious and unpleasant procedure, 
and has also proved inaccurate, perhaps due 
partly to loss of some iodine by volatilization 
(possibly as volatile organic iodine com- 
pounds) and partly to variations in the geo- 
metrical character of the resulting solid 
samples. 
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Fm. 1. 

Siiows tlic flipper eouiitor (top) und snniple tube 
(bottom) on microscope base. 


A procedure for direct counting of the 
1-13 1 radiations in the urine by means of a 
dipping counter has been devised along lines 
similar to those reported by Solomon and 
Estes* for aqueous solution measurements. 

thin-walled glass dipping counter (Radia- 
tion Counter Laboratories, Mark I, Model 
SO) was mounted on a modified microscope 
ba.se. as shown in Fig. 1. Samples of urine 
(sometimes diluted with water) were placed in 
test tubes whose length was e.vactly that of 
the glass portion of the counter tube (about 
11 cm), and whose inside diameter was about 
2 cm, 5 or 6 mm greater than the outside 
diameter of the counter tube. In the exjieri- 

* Solomon, .\. K.. and IKto?. H. D.. Kev. Sci. 
InOrii., 1P4S, in. 47. 


merits reported here, S.5 ml of liquid proved 
optimum for covering the sensitive area of 
the counter when counter and sample tube 
were arranged concentrically. 

Experimental. To reduce errors due to 
variations in geometri', all samples in a given 
series, including the standard urine, were 
counted in the same sample tube. Since the 
counter tubes showed some photosensitivity, 
the e.vternal surfaces of the sample tubes were 
blackened with India ink to e.vclude light. 

The counter tube was used in conjunction 
with either a 64 scaler (Nuclear Instrument 
and Chemical Corp,, Model 165) or a decimal 
scaler (Berkeley Scientific Company, DIodel 
1000 ). 

Background Count. Backgrounds were de- 
termined over a fifteen minute period with 
the sample tube containing S.S ml distilled 
water arranged in the experimental position. 

Standard Urine Count. Standard urine 
samples were prepared by addition of a known 
volume of a previously standardized aqueous 
solution of 1-131 to a knorni volume of normal 
urine. Samples of 8.5 ml of the resulting 
spiked urine were counted with the dipping 
counter, yielding values expressed as counts 
per minute per microcurie of 1-131 per mil- 
liliter of urine. About ten microcuries per 
liter of urine makes a satisfactorx* standard 
(about 1000 counts per minute.) 

Experimental Samples. Urine of the patients 
was collected in vessels containing 1 ml of 
KI solution (20 mg/ml), to decrease loss of 
iodine by volatilization. The specimens were 
then sampled (8.5 ml) for direct counting, 
or if too active (over 8000 counts per minute 
for 8.5 ml sample), were diluted with water 
to yield satisfactorx' counting samples. Count- 
ing periods were adjusted so as to yield a to- 
tal of 50(X) to 10,000 counts, so that standard 
errors were less than 2^. In addition, samples 
were counted in triplicate (3 separate 8.5 ml 
samples, placed successively in the same 
sample tube) to reduce errors due to varia- 
tions in geomelrj- and sampling. After each 
sample was counted, the sample tube and 
counter tube were washed twice with water, 
once ivith 6 N HXOj, and rinsed 3 times with 
distilled water. It was found advisable to 
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check the background for a brief period after 
each count to determine Avhether decontam- 
ination mas complete. 

Effect oj Dilution of Urine. Samples of a 
standard urine giving 195 counts per minute 
per 8.5 ml were diluted with varying amounts 
of water, and 8.5 ml samples of the dilutions 
were counted with the e.\-perimental apparatus 
to determine whether the diluted urine e.^ib- 
ited the same counting efficiency as the un- 
diluted. Samples of total volume 8.5 ml 
were prepared, containing the following 
amounts of the standard urine: 1.5, 2.5, 3.5, 
4.5, 5.5, 6.5, 7.5, and 8.5 ml. 

Results and Discussion. Results of the ex- 
periment to determine effect of diluting the 
Tadioiodine-containing urine are showm in Fig. 
2. It is apparent from the figure that addition 
of ivater to the urine does not affect the 
counting efficiency of the radiations, in spite 
of the variation in specific gravity. This is 
the anticipated result if the counts obtained 
are due largely to the gamma radiations from 
the 1-131, as e.xpected. The beta particles 
from this nuclide (0.60 Mev) should be es- 
sentially completely absorbed by a water layer 
of about 2 mm thickness. 

Comparison of the experimental sample 

tv 
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Hours after administration. 

Fjg. X 

Uriiiarv out}>ut of Traetn* dose 100 miero* 

curios. 

counts (applying the dilution factor, if any) 
w'ith the standard urine counts yields values 
in microcuries of 1-131 per milliliter of ex- 
perimental urine. Total output for the period 
over which the urine was collected is then 
obtained simply by multiplying this value 
by the total urine volume. Failure to collect 
the urine quantitatively is of course the great- 
est source of error in the measurements. Cor- 
rection for radioactive decay since dosage may 
be applied either from the theoretical decay 
curx'e, or by counting the standard urine at 
the time of the e.xperimental counts. Fig. 3 
shows an actual series on a patient given 1000 
microcuries of 1-131. The curve indicates 
urinary output in microcuries and percentage, 
at daily intervals after administration. 

Experiments now in progress are directed 
towards determination of the value of the 
urine measurements (i.c. rate of e.xcretion of 
1-131) in diagnosis of thjToid disorders. It 
is believed that the determination of 1-131 in 
urine is considerably more acciimte than direct 
counting of the thjToid glands, which may 
vaiy considerably in size and shape, leading 



Cardiac Irregularities Under Cyclopropane 

to serious variations in geometry. 

Summary. A method for the determination 
of Iodine-131 in urine is described. 'A dip- 
ping counter mounted on a modified micro- 
scope base using a blackened test tube irith a 


Effect of Procaine Hydrochloride on Response of the Heart to Epinephrine 
During Cyclopropane Anaesthesia. (1/362) 

Code Smith and J. K. W. Ferguson. 

From ihe Drjmrtineiif of Fhartmcology, Vnircrsity of Toronto, Toronto, Canada. 

While studying the production of ventric- and cardiac resusciwtion attempted using 
ular fibrillation in dogs by the intravenous manual massage and intracordial injections of 
administration of epinephrine during cyclo- procaine HCl 5-15 mg/kg. 
propane anaesthesia, obser\'ations were made E§ect on Cardiac Rate and RhyUtm. ihe 
on the effect of procaine HCl on the cardiac cardiac rate was increased m all but two 
irregularities. Its effect on the rate and e.vperiments when procame HCl was given, 
rhythm of the heart during cyclopropane (Table I). The degree of acceleration 
anaesthesia and its effect on the cardiac re- ent 5 minutes after the injection increased 
sponse to epinephrine were noted. with the dose employed (Table H). On 24 

Method. A modification of Meek’s tech- occasions irregularities were present at the 
nic was used.* Thirty minutes after premedi- time procaine HCl was injected, and with the 
cation with 1.0 mg/kg morphine sulphate e.vception of one sinus arrhythmia these 
and 0.04 mgAg atropine sulphate, IS male changed to a regular sinus rhythm. (Table I), 
and female dogs (4-10 kg in weight) were Modification of Cardiac Response to Epi- 
induced with a cyclopropane and oxj'gen mi.v- ncphrinc. The response of the heart to 
ture. intubated, and allowed a further 30 epinephrine was notably different after the 
minutes to equilibrate with the cyclopropane- administration of 5-15 mgAg of procaine 
oxygen mi.xture administered by a to-and-fro HCL Epinephrine was given 46 times without 
carbon dioxide absorber. The mixture was previous procaine HCl and 32 times follow- 
adjusted to produce stage III, plane 3 anaes- ing this agent. The occurrence of various 
thesia. .\ total of 78 injections of epinephrine rhythms following the epinephrine is shown 
0.01-0.05 mgAg were made, taking 20 sec- in Table III. Calculation of “p ’ value- re- 
onds for each injection, and with at least 20 veals a significant increase in the number 
minutes between injections. Procaine HCl of normal rhythms, a significant decrease in 
5-15 mgAg in 5 cc saline was given in 50 the number of cases with a sinus arrhythmia 
seconds, 5 minutes before 32 of the epineph- component in the rhythm, and no significant 
rine injections. On 7 occasions 50 mgAg of change in the incidence of either extrasystoles 
proaiine HCl were given and not followed by or of ventricular tachycardia, 
epinephrine. Electrocardiograms were record- An attempt was made to determine whether 
ed continuously during and following each increased vagal tone was contributing to the 
injection. W’hen ventricular fibrillation oc- clectrccardiographic picture obtained follow- 
curred, artificial respiration with 100% o.xy- ing epinephrine injections. Signs taken to 
gen was instituted, thoracotomv performed, mean increased vagal tone were initial slow- 
w.' .!., llntLavvariTiTS^nTo:^ ing. A-V block, and suppression of the sinus 
J. I'licrm. Frp. T/irrapii, IP."!", <51, C40. e Mainl.Tml, O.. Oii!. .f. }lr:>enrr!i, IPIS, E. 2<5. 1. 


sample large enough to cover the sensitive 
area of the tube was used. Counting of gamma 
radiations is quite reproducible by this pro- 
cedure. 

Keccived August 30, 1P49. P.S.E.B.51., 1940, 
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TABLE X 

Effects of Intravenous Procaine HCl (5-15 mg/kg) on Cardiac Bate ami El.vtlm, Under 
^ Cyclopropane. 


After procaine IICI 


Bliyttiin before procaine HCl 

^0. of exp. 

/ 

Beg. sinus rliytlira 

.Acceleration 

Begulnr sinus rliythin 

8 

8 

* 

Sinus nrrliytlimia 

IS 

ir 

IS 

Heart block 

O 

Ct 

O 

Bigeminal rliyllmi 

3 

s 

3 

Irregular bradycardia 

1 

1 

0 


32 

31 

30 




TABLE 11. 



Cardiac Acceleration ivitli Procaine HCl. 


Dose, 

mg/kg 

No. of 

Avg rate when 

-Avg rate 5 min. 

oxp. 

procaine given 

after procaine 

5 

12 

73.7 

03.0 

15 

20 

73.2 

110.0 

50 

7 

62.4 

ISS.y 


TABLE III. 

Bliytlims Produced by Intravenous Ei)incp1irino. 


Bliytlims observed 

No. of , . 

injects. Beg. sinus Vent, tacliy. E.v. systol Sinus arr. 


Epineplirine alone 

46 

*> 

17 

ir 

0 

Epinephrine after procaine HCl 

32 

9 

10 

10 

0 

“p” values 


<0.01 

>0.7 

>0.7 

<0.05 


node with a slow nodal or ventricular rhythm. 
Evidence for an increase in vagal tone was 
absent in only ten of 46 records where epi- 
nephrine was given alone, but was absent in 
29 of 32 records where epinephrine followed 
procaine HCl. The p value for this difference 
is <0.001, 

Ventricular fibrillation occurred in 2 of 17 
animals when epinephrine was administered 
alone, and in 3 of 12 when epinephrine was 
preceded by 5 mg/kg of procaine HCl. These 
3 animals had all received the same dose of 
epinephrine in previous e.vperiments vath the 
onset of ventricular e.vtrasystoles or ventricu- 
lar tachycardia only. We were unable to re- 
store a normal rhythm to the fibrillating ven- 
tricles using manual massage, artificial venti- 
lation, and intracordial procaine HCl, 15 

jncr/lcg. 

^Comment. Ectopic rhythms may arise fol- 
lowing the depression of the normal pace- 
maker or as a result of impaired intracnrdiac 


conduction. The administration of epineph- 
rine may produce this effect relle.vly through 
pressor-vagal refle.ves with increase in vagal 
tone. Changes in vagal tone accompanying 
the phases of respiration are regarded as the 
cau.se of sinus arrhythmia. The increase in 
cardiac rate follom’ng procaine HCl, the ab- 
sence of sinus arrhythmia, and tlie failure to 
demonstrate an increase in vagal tone fol- 
lowing epinephrine injection all point to an 
anti-vagal action of procaine HCl in these 
experiments. 

Burstein c( alP have reported that by the 
administration of procaine HCl (5 mgAs) 
intravenous!}’, cyclopropane-epinephrine in- 
duced ventricular fibrillation may be pre- 
vented from occurring, and that the fibrillat- 
ing heart may be restored to a normal sinus 
rhythm. We feel that their oi™ observations 

3 Burstein. U, L., .Mar.'inconi. B. -t., V'Cir.itt, 
.\. C., nml ttovenstine, IL A., .'/nr.sf//esiote/;y, 3010, 

1, 3C7. 
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do not justify their conclusions, and our re- 
sults are in disagreement on both points. Not 
only have we failed to show a protecting effect 
by procaine HCl, but like Stutzman et al.,^ 
we have failed to revive the fibrillating heart 
by cardiac massage and the intracordial in- 
jection of 15 mgfug of procaine HCl. 

Allen ct al? have demonstrated a protect- 
ing action of procaine HCl in doses of 16 
mg/kg against cj’clopropane-epinephrine in- 
duced ventricular taii3'cardia, and feel that 
such protection is brought about by depression 
of the ventricular muscle. In their work the 
epinephrine and procaine HCl were given 
together, while in our experiments the pro- 
caine HCl preceded the epinephrine by 5 
minutes. Our inability to duplicate their re- 
sults may indicate that any such protection 

* Stutzm.in, J. tv., Allen, C. II., .nid Orth, O. S., 
Anesthesiology, 1945, C, S". 

6 Allen, C. It., Stutzman, J. XY., Slocum, H. C., 
and Ortli, 0. S., Anesthesiology, 1941, 2, 503. 


of the myocardium is a transient one, partic- 
ularly when larger doses of epinephrine are 
employed. 

Conebntons and Summary. Intravenous 
procaine HCl increases cardiac rate and re- 
stores a regular sinus rh3'thm to those hearts 
shoning irregularit}' during C3'clopropane an- 
aesthesia. This may account for ..the favor- 
able clinical impressions on the use of pro- 
caine HCl. 

A protecting action against c3-clopropane- 
epinephrine induced ventricular tachi'cardia 
and fibrillation with doses of procaine HCl 
reasonable for prophylactic purposes during 
anaesthesia could not be demonstrated. In 
our opinion such protection has not 3'et been 
demonstrated by others. 

Under the conditions of the experiment the 
predominating efi'ect of procaine HCl given 
intravenously was an anti-vagal one. 

Received August 29, 1949. P.S.E.B.M., 1949, 72. 


Response of the Syrian Hamster to Intradermal Injection of Modified 
'Newcastle Disease Virus. (17363) 


Reginald L. Reagan, Helen Odette Werner, Janet W. Hartley, Dorothy M. 
Schenk, and A. L. Brueckner. 

From the Maryland State Board of Agriculture, Live Stocl: Sanitary Service, Vnivcrsiiy or 

Maryland, College Pari;, Md. 


The adaptation of the California strain 
(No. 11,914) of Newcastle disease virus to 
the S3Tian hamster with 300 intracerebral 
serial passages and with 9 intranasal serial 
passages has been reported.' Various subcul- 
tures of hamster brain materia], up to 
the 200th- intracerebral serial passage, were 
injected intradermally into 4-week-old ham- 
sters (average weight 28 g). No evidence of 
Newcastle virus infection was noted, although 
hamsters injected intracerebral]3' with the 

I Reagan, R. L., Lillie, M. G., Sniitli, D. C., and 
BruccLiicr, A. L., Pnoc. .Soc. E.vp. Biou and Med., 
1949, 71, 293. 

- Rcag.an, R. L., L'lllic, M. G., ll.nuscr, .1. B,, and 
BrueeVner, A. L., Peoc. Soc. Ext. Biol. .\nd Med., 
394S, «8, 293. 


same brain suspension showed t3pical si’mp- 
toms. No attempts were made to establish 
Newcastle disease b3’’ intradermal injection 
from the 200th through the 299lh intracere- 
bral passages. 

The modified hamster virus was first suc- 
cessfulh' established intraderma]l3' b3' the in- 
oculation of 0.1 cc of a 10% brain suspension 
of the 300lh intracerebral passage in the ab- 
dominal region of four 4-week-old hamsters 
(average weight 28 g). Simultaneousl3' 4 
hamsters of the same age and weight were 
inoculated similarh' with 0.1 cc of a 10% 
brain suspension of the 14th intranasal pas- 
sage. Both groups of hamsters showed signs 
of involuntarr- motor reaction, evidence of 
salivation, and paralysis in 3 to 10 da3's. 
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TABLE I. 

Intra^rmal Passage of a Strnin of Hamstcr-Adnptcd Ncwcastlp Virus. 


Jfaterial 

used 

Site of 
inoculation 

Passage 

No. 

No. animals 
inoeulated 

No. animals 
shou-ing 
symptoms 

No. days after 
inoculation 
symptoms 
appeared 

0.1 cc of 10% 

Intradermally 

1 

4 

4 


suspension of 

in abdominal 

2 

G 

3 

3-4-4 

14th intra- 

area 

3 

6 

O 

5-G 

nasal pas.age 


4 

C 

4 

4>— (>— C— G 



5 

6 

4 

0— G— (>— / 



6 

3 

3 

4-4-4 



7 

C 

3 

4—5—5 



8 

0 

C 

4— 4r— 4— 1>— 5— 5 



9 

4 

4 

4-5-r.-5 



10 

4 

4 

3—4 — s>*-o 

0.1 cc of 10% 

Intradermally 

1 

4 

4 


suspension of 

in abdominal 

o 

4 

4 


sooth intra- 

area 

3 

4 

4 

5-(^G-C 

cerebral 


4 

3 

3 

3-5-fl 

passage 


5 

4 

4 

3-r,_.5_(j 



6 

4 

4 

3-4— 5— 5 


These symptoms are similar to those occur- 
ring in hamsters infected intracerebrally, al- 
though salivation has occurred regularly only 
in later passages. Brains were removed asep- 
tically from the moribund hamsters of each 
series, ground with alundum, and diluted to a 
10% suspension with physiological saline. 
One-tenth cc of this suspension from each 
series was injected intradermally into ham- 
sters. By using this technic, the 300th intra- 
cerebral brain material was carried up to 6 
passages intradermally, and the 14th nasal 
brain material was carried up to 10 passages 
intradermally, as shown in Table I. These 
subinoculations are being continued at the 
present time. 

To determine the distribution of Newcastle 
virus in the affected hamsters of each series, 
blood, liver, spleen, kidneys, lungs, spinal 
cord, and brain were injected into embry- 
onated eggs. Each organ was removed asep- 
tically, ground with alundum and diluted to 
a 10% suspension with physiological saline. 
One-tenth cc of citrated blood and of each 
organ suspension was injected into the allan- 
toic sac of each of six S-day embryonated 
White Leghorn eggs. Because of possible 
bacterial contamination, the lungs, kidneys, 
liver and spleen were treated with strepto- 
mvcin in the ratio of I mg percc of suspension 
and vN-ith penicillin in the ratio of 500 units 
per cc of suspension before egg inoculation. 


Virus was isolated from the brain and spinal 
cord of hamsters of each series, ^h■rus from 
the brain and cord of each series was com- 
pletely neutralized by positive Newcastle 
chicken serum but it was not affected by nor- 
mal chicken serum. Virus was not isolated in 
embiy’onated chicken eggs from the blood or 
other organs of either series. 

Day-old chicks were injected intramuscu- 
larly w'ith 0.2 cc of a 10% suspension of brain 
material from each series. .411 chicks showed 
symptoms of Newcastle disease from 3 to 10 
days after injection. Six-week-old chickens 
were injected intramuscularly with the same 
amount of a 10% suspension of brain material 
from each series but showed no evidence of 
Newcastle disease. 

Discussion. In the subinoculations up to 
the 200th intracerebral hamsters passage, 
hamsters were not infected intradermally. 
Upon trial of the 300th intracerebral passage 
and of the 14th inlranasal passage, hamsters 
were infected intratlcrmally, when brain ma- 
terial was used as the inoculum. The 300th 
intracerebral passage ivas carried through 6 
subinociilations intradermally, and the 14fh 
intranasal passage was carried 10 subinocula- 
tions intradermally. 

With hamsters as the test animals, virus 
neutralization tests were conducted, using 
brain suspensions of the 3rd intradermal p.i.s- 
sage of the 300th intracerebral series, and 
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Titration of Hamster- 

TABLE II. 

Adapted Newcastle Virus in 

Hamsters. 



Virus 

10-1 

10-2 

Dilution 

10-3 

10-4 

10-3 

Titer 

Hamster brain otii intradermal 
passage originally from 14tli 
nasal passage 

*4/4 

4/4 

4/4 

0/4 

0/4 

10-3.5 

Hamster brain 3rd intradermal 
passage oripnally from SOOtli 
intracerebral passage 

3/3 

4/4 

2/4 

0/4 

0/3 

10-3 


* Numerator denotes ICo. of dcatlis. 

Denominator denotes Xo. of animals inoculated. 


the 5th intradermal passage of the 14th intra- 
nasal series. Specific immune chicken serum 
completely neutralized the intradermal brain 
virus from both series, whereas normal 
chicken serum had no effect. 

The virus titered 10^ in the first series 
(300th intracerebral) and lO"'' '’ in the second 
series (14th intranasal), according to the 
Reed-Muench calculation.^ Details are given 
in Table II. Paralysis of the pharj’nx, as 
evidenced by excessive salivation -with wetting 
of the mouth and chin, is now a distinct symp- 
tom in hamsters. 

It has been obser\’ed in other modified 
forms of this virus that day-old chicks are 
susceptible, whereas older individuals are re- 
sistant to infection. 

aRced, L, .T.. and Muciicli, H., .-tm. J. Hyp.. 
10.38. 2T. 40.3. 


Summary. .After the 300th intracerebral 
and the 14th intranasal hamster passage, 
Newcastle disease virus, California strain No. 
11,914 can successfully infect hamsters by 
intradermal injection. The virus in the brain 
material from each series was passed intra- 
dermally in hamsters. Virus was isolated 
from the brain and cord of hamsters of both 
series upon inoculation of embryonated 
chicken eggs. The results of the neutraliza- 
tion tests confirm the virus to be that of New- 
castle disease. Hamsters infected intracere- 
brally, intranasally, and intradermally show 
similar sjnnptoms, such as involuntarj’’ motor 
reactions, e.xcessive salivation from pharyn- 
geal paralysis, general paralysis, prostration, 
and death. 

Received September 14. 1P4P. P.S.E.B.M., 1949, 72. 


Effect of Oxythiamine on the Growth of Chicks.* (17364) 
Louise J. Daniei.i and L. C. Norris. 

From the Agricultural Experiment Station and the School of Sutrition, Cornell University, 

[lhaca. A'. I*. 


Bergel and Todd* reported the sj’nthesis 

* Thi.s work wos uiideri.Tken in cimper.ition with 
tlic Onice of Nnvnl Resenrcli. Navy Department, 
ttashineton, !).(*., and was aided by a (trant to 
(Vrnell University liy tlie Nutrition Foundation, 
liic., New York. 

t I'ri sent addrc.ss: Department of niocliemistry 
and Nutrititm, t'ornell Utiiversity, Itliac.a, N. Y. 

’ ncrcel. F.. and Todd, A. R., .T. Chem. Sor., 
1937, l.SOt. 


of o.xythiamine.^ They found that 1 mg of 
this compound possessed no antineuritic ac- 


t The formula of o.vytbiamine is 
Cl- 

N 15 X — C-CII. 

N 


. iia 


(TI (•-CII..CTt..OIl 
\ / 


t',.dl,j(),^X;..f’US 
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tivity when assayed by the bradycardia 
method using the rat. Soodak and Cerecedo= 
prepared o.xythiamine by deamination of thi- 
amine with nitrous acid, and observed that the 
compound produced a marked toxic effect 
when fed to mice. The administration of 25 
to SO /ig of o.xythiamine per day for a 2-week 
period resulted in the death of young mice 
maintained on a thiamine-low synthetic diet 
supplemented with 1 /ig of thiamine per day. 
In this report evidence is presented which 
shows that oxjdhiamine is also an active an- 
tagonist of’ thiamine in the nutrition of the 
chick. 

Experimental. Four experiments were con- 
ducted with da3'’-old White Leghorn cockerels, 
10 or IS per lot. They were housed in elec- 
trically heated battery brooders in a room in 
which the temperature was thermostatically 
controlled. All chicks were on wire mesh 


the levels of 0.5, 1, 2, and 8 mg was added 
to 125 /tg of thiamine per 100 g of diet. The 
results indicated that oxAdhiamine retarded 
growth at all levels used; the S mg le\’el was 
so highlj’- toxic that onlj’ one chick sur\’ived 
to 3 weeks of age. The chicks showed the 
typical thiamine deficienc\' s\'mptoms of head 
retraction, convulsions and inability to stand. 
Two chicks mth these severe symptoms were 
given 100 /xg of thiamine by injection, and 
within 2 hours they were on their feet and 
eating. The average 4-week weights of the 
chicks ranged from 289 g for those receiving 
125 fjLg of thiamine to 182 g for those receiving 
125 fig of thiamine plus 2 mg of o.xythiamine 
per 100 g of diet. 

Exp. 3. This experiment was designed to 
obtain a quantitative estimate of the effec- 
tiveness of oxythiamine as an antagonist of 
thiamine. The data from Exp. 1 and 2 in- 


floors to prevent coprophagy. Feed and water 
were supplied ad libitum. The chicks were 
fed basal diet 653 described by Hill, Norris, 
and Heuser,-’’ modified by adding 100 fig of 
synthetic folic acid per 100 g of diet and by 
omitting thiamine. In the first 3 experiments 
crude casein was used instead of purified 
casein. In these experiments the basal diet 
contained between 20 and 25 fig of thiamine 
per 100 g, as determined bj' the thiochrome 
method. The procedure used was that pro- 
posed by the Research Corporation Commit- 
tee on the thiochrome method.'* The basal 
diet fed in Experiment 4 in which purified 
casein was used contained 7 fig of thiamine 
per 100 g. The chicks were weighed indi- 
viduallj' at weekly intervals. 

Exp. 1 aud 2. Two preliminary e.xperi- 
ments were conducted to study the effects of 
graded levels of oxythiamine? on the growth 
of chicks to 4 weeks of age. Oxythiamine at 

2 Soodak, JI., and Cerccedo, L. R., J'- Am. Chcnt. 


Soc., 1944, CO, 19SS. 

3 Hill, F. W., Norris, H. 
J. Xvtrition, 1944, 28, 17o. 
iHcnnessy, D- J-i Cereal 


C., and Heuser, G. F., 
Chemists' Bull., 1942, 


dicated that the levels of o.xythiamine to feed 
with approximately 125 fig of thiamine per 
100 g of diet for the best results were between 
1 and 2 mg. Exp. 3 was conducted using an 
e.xperimental diet containing 120 fig instead 
of 125 /rg of thiamine per 100 g plus 3 levels 
of oxythiamine. The basal diet contained 
5 fig less thiamine per 100 g than the diet fed 
in Exp. 1 and 2. Eight levels of thiamine 
ivere included in order to establish a growth 
curve. The results of Exp. 3 are presented 
in Table I. 

When oxj’thiamine was fed in addition to 
120 fig of thiamine a marked reduction in 
growth occurred. By plotting a curx'e for the 
effect of varjdng amounts of thiamine on 
growth, it was possible to determine the 
amount of thiamine that was counteracted by’ 
the different amounts of oxj'thiamine. An 
inde.x was calculated by determining the ratio 
of the amount of inhibitor to the amount of 
vitamin antagonized by the inhibitor. The 
range of the 3 indices obtained in this ex- 
periment was 27-39. 

Exp. 4. This experiment was designed to 
study the reversibilitj' of this antagonism by 
additions of thiamine. The basal diet con- 


authors arc iudehted to Dr. Gustav J. 
Xlartin The National Drug Company, Philadcl- 
phial Pa., for the oxythiamine used in these ex- 
periments. 


tained purified casein. Increasing levels of 
thiamine were added to a level of 2 mg of 
o.xythiamine per 100 g of diet. This stud.v 
was continued for a period of 4 weeks. The 
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TABLE I. 


Inliibitorr Action of Osythianiine on Chick Gro-nth. 



Avg wt 



Treatment, pg thiamine 

3 wfc,g 

4wk,g 

Index* 

1. 45f 

— (0)4 

- (0) 


2. 70 

142 (4) 

101 (4) 


3. 80 

152 (9) 

218 (7) 


4. 90 

162 (12) 

251 (10) 


5. 100 

176 (14) 

204 (13) 


C. 110 

187 (15) 

250 (15) 


7. 120 

180 (15) 

264 (15) 


8. 220 

175 (15) 

200 (14) 


9. 120 1 mg oxytliiamine 

179 (15) 

233 (14) 

27 

10. 120 -j- 1.5 mg oxj-tbiamine 

136 (15) 

191 (15) 

34 

11. 120 -f 2 mg oxythiamine 

118 (14) 

157 (12) 

39 

* Index is tbe ratio of amount of inhibitor to amount of vitamin inliibited. 


t Crude casein basal diet contained 

20 pg thiamine per 100 g. 

The levels of thiamine indi- 

cate tbe total thiamine present per 100 g of diet. 



t Numbers in parentheses represent the surviving chicks of original 15. 



TABLE II. 



Beversal of Inhibitory Effect of Oxythiamine by 

Thiamine. 



Avg wt 



Treatment, thiamine 

3 wk, g 

'S 

4 wk, g 

Index* 

1. 62pgt 

75 (l)t 

— (0) 


2. 72 pg 

99 (4) 

SO (1) 


3. 82 pg 

128 (8) 

126 (5) 


4. 92 pg 

140 (7) 

ICS (C) 


0. 102 pg 

147 (9) 

194 (9) 


C. 112 pg 

177 (10) 

230 (10) 


7. 122 pg 

185 (10) 

259 (10) 


8. 1 mg 

172 (10) 

240 (10) 


9. 122 pg -+■ 2 mg oxj-thiamine 

105 (9) 

124 (9) 

49 

10. 147 pg -j- 2 mg oxythwmine 

110 (10) 

153 (10) 

34 

11. 172 pg -f- 2 mg oxythiamine 

121 (10) 

172 (9) 

25 

12. 1 mg 2 mg oxythiamine 

160 (10) 

244 (9) 



* Index is the ratio of amount of inhibitor to amount of i-itamin inhibited. 

i Purified casein basal diet contained 7 thiamine per 100 g. Tlie levels of thiamine indi- 
cate the total thiamine present per 100 g of diet. 

* Numbers in parentheses represent the surviving chichs of original 10. 


results of this experiment are presented in 
Table II. 

The addition of 2 mg of oxj'thiamine to 
122 pg of thiamine caused a 135 g retarda- 
tion in growth. However, as more thiamine 
was added to this level of oxythiamine growth 
was improved. Fifty pg of added thiamine 
resulted in a 48 g increase, while the addition 
of 1 mg of thiamine produced normal growth. 
It is possible that much less than 1 mg of 
thiamine would have given maximum growth. 
The inhibitorj- index for the three levels of 
thiamine ranged from (25-49). 

rVt the end of the 4th week the chicks of 
lots 9, 10, and 11 of Exp. 4 were divided into 
3 groups. Three chicks from each lot were 


continued as controls, 3 received injections of 
200 pg of thiamine per day into the breast 
muscle, and 3 received 200 pg of thiamine per 
day by stomach lube. These chicks were 
selected to give groups of equivalent weights. 
All chicks were continued on the diets they 
had received from the start of Exp. 4. Lot 7 
receiving 122 pg of thiamine was continued as 
the positive control group. The study was 
carried out for 12 days. The results are sum- 
marized in Table Ilf. 

The toxicity produced br- o.xythiamine can 
be at least partialh- corrected by additional 
thiamine. The data show that by injecting 
or giving thiamine orally a growth response 
was produced. Injection was somewhat more 
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^ table III. 

lAm-t of Pfircnternl and Oriilly Administered Tliiiiiniiio on OxYtlii;imiiio-Toxir CliicKs. 



Trcatniout 

Avg initial wt,* g 

Avg film] ivt,} g 

.Vvg cli.ango in vt, g 

1. 

Control 

IfiO} 

262 

102 

2. 

TnicptedJ 

153 

304 

ir»i 

8 . 

Grain 

1.53 

290 

137 

4. 

Positive control^ 

280 

400 

204 


* WeigJit al 4 wk of age. 
t At end of 12-day e.\’])criinental period. 
lAvg of 8 chicks, rest are avg of 0 chicks. 

$ 200 fig fliianiine iiij. per day into breast muscle. 

II 200 fig thiamine per day i)y stomacli tube. 

1; Group 7 of Exp. 4 received 122 fig thiamiue per 100 g of diet from hatching. 


effective than oral administration. In a 12- 
day period the chicks receiving thiamine 
gained 35 to 49 g more than the controls, 
although as should be e.xpected, their growth 
rate was less than that of the positive controls. 

Disaissioii. Oxy thiamine produced a thi- 
amine deficiency state in chicks, which could 
be prevented, or cured to some extent, by 
administering increased amounts of thiamine. 
This antagonist was very effective as evi- 
denced by the inhibitory index of 25-49. Al- 
though this index is an approximate value it 
is quite low and comparable to that obtained 
by Woolle^’^ and White" for the pyrithiamine; 
thiamine index in mice of 40. It has been 
shown by Woolley and White® that a lorv 
pyrithiamine: thiamine index is obtained with 
bacteria that require thiamine as the intact 
molecule. If a microorganism can utilize one 
or both moieties of the thiamine molecule, the 
index is 10 to 100 times greater. The chick 
requires the entire thiamine molecule, thus a 
low oxythiamine: thiamine ratio is to be ex- 
pected. 

Whether the oxythiamine-thiamine inhibi- 
tion is a strictly competitive one is doubtful. 
In Table I it is noted that the chicks in lot 2 
averaged 161 g at 4 weeks of age with 4 chicks 
surviving of the original IS, whereas those in 
lot 11 grew at the same rate, 1S7 g, but 12 
chicks survived. The same effect is observed 
in Table II, where chicks receiving low levels 
of thiamine showed a greater mortality than 
chicks receiving both o.xythiamine and a 


■ Woollp.v, D. and '«’hito, A. G. C. 
-m., 1943, 140, 283. 
iWoollpy, V. W'., an<l 
(7., 1943, 7«, 4S9. 


, .T. Hiol. 
, .7. Exp. 


higher level of thiamine, although the growth 
rates were similar. (Compare lots 3 and 9, 
4 and 11). If simple competition were in- 
volved similar mortality would be expected 
in these lots of chicks. 

The requirement of thiamine for ^\^lite 
Leghorn cockerels on a purified casein diet is 
considerably greater than on a crude casein 
diet. On the purified casein diet the require- 
ment for optimum growth to 4 weeks of age 
was between 102 and 112 pg of thiamine per 
100 g. Whereas, on the crude casein diet the 
requirement was between 80 and 90 pg per 
100 g. The thiamine values obtained by the 
thiochrome method on replicate samples of 
each diet were very consistent, although the 
concentration was low, 0.07 pg per g and 0.2 
to 0.25 pg per g, respectively. The explana- 
tion for these different requirements is not 
known, although it may be that the puri- 
fication process removed from casein some, 
substance that affects the requirement of 
thiamine. The addition of liver and fish meal 
supplements to the purified diet produces a 
significant growth response." It is possible 
that one of the unknown growth factors pres- 
ent in these materials and crude casein and 
not in purified casein to any great extent, 
may affect the requirement of thiamine. 

Sumniary. O.xythiamine, the 4'-OH ana- 
logue of thiamine, has been shown to be an 
effective thiamine antagonist in the nutrition 
of the chick. By increasing the level of oxy- 
thiamine fed, the chick weight was decreased 
until typical thiamine-deficiency symptoms 
occurred and death ensucri. The addition of 

~ Unpulilislipd it.Tt.i, Apri<'>'ltHr;il Exjx rimi'n! 
Slation, Cornoll University, Itlmr.i, N*. Y. 
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large amounts of thiamine to the diet pre- 
vented the toxicity due' to oxythiamine, 
and the parenteral and oral administration of 
thiamine to oxj’thiamine-toxic chicks tended 
to overcome the inhibition. 

The chick, as well as the mouse, has been 
shown to be very sensitive to the addition of 
oxythiamine to the diet. It seems probable, 
therefore, that oxythiamine is an antagonist 


of thiamine in the nutrition of all species that 
require this vitamin as an essential nutrient. 

Evidence has been presented which indi- 
cates that the thiamine requirement of grow- 
ing White Leghorn cockerels is greater in the 
absence of sufficient of the unidentified chick 
growth factors. 

Rpcoivcd .tuly 14, 1049. P.S.E.B.M., 1949. 72. 


The Virostatic and Virucidal Action of a-Haloacy!amides on Vaccinia Virus 

in Vitro. (17365) 

Randall L. Thompson, Marian L. Wilkin, George H. Hitchings, and Peter B. 

Russell. 

Prom the Department oj Microbiology, Indiana University Medical Center,* Indianapolis, and The 
WeHcoinc Research Laboratories, Tuckahoe, A'. 1'. 


During the course of an investigation deal- 
ing M*ith the possible antiviral effects of pimi- 
midine derivatii'es' it was found that amides 
of 5-aminouraciP inhibit the multiplication of 
vaccinia virus in the tissue culture S3’stem pre- 
viously described.- Based on antagonisms 
demonstrable using Lactobacillus caseP it 
was predicted that the climax of this series 
would be reached with 5-chloroacetamidoura- 
cil or amides of 5-aminouracil wth other acids 
having pKa values near that of chloroacetic 
acid. Actualh’ the activity of chloroacetami- 
douracil was greater by a factor of 10 or more 
than the predicted value. Further investiga- 
tion revealed a high degree of antiviral ac- 
tivity to be a function of all the chloro- and 
bromoacylamides and dichloroacetamides 
which were tested including chloroacetamide 
itself. This paper presents the data on the 
ill vitro tests. 

* TIiosc .studios wore Iicpun .nt Wo.storii Re.«ervo 
I'nivor.sity Medio.Tl Soliool (194.")) and onntiiuicd 
at tile MtHiioal (Vdlogo of Virftini.a (1940-7). 

' Thompson, K. L,, Wilkin, M. I.., Iliteliings, 
G- 11., Elion. G. I?., F.aloo, E. .4.. .and Rn.ssoll, 
1’. 11., Srienrr, (n49, 110, A.I!. 

-Thompson, 11, E., ,1. lninuini)l.. 1.047, .“5, 34.'>. 
llitohinps, G. 11., Elion. G. II., Faleo, E. A., 
llnssoll, P. 11., .^„d Vandor WcrlT, H., Annah X. V. 
Aenrt. Sri., in prc.sx. 


Experhncntal. Screening tests with vac- 
cinia virus in chick embri’onic tissue culture 
were carried out as described previously .- 

Discussion. It will be seen (Table I) that 
bromo- and chloroacylamides usually inhibit 
growth of the vaccinia virus. The inactivitj- 
of the fluoroacetamidouracil (Compound 14, 
Table I) suggests that an alkylation reaction 
ma}- be involved in the activitjL 

When the high degree of activitj' of S- 
chloroacetamidouracil was discovered atten- 
tion was turned first to the embryonic tissue 
test sj'stem. It was a recognized weakness of 
the screening test that substances capable of 
poisoning the embrj'onic tissue undoubtedly 
would be e.vpected to prevent the multiplica- 
tion of the virus." Thus knorni poisons, such 
as azide and cj'anide, could be shorni to in- 
hibit viral multiplication." On the other hand, 
5-chloroacetamidouracil was no more toxic to 
mice than related substances of much lower 
antiviral potency. It is ineffective against 
the majority of bacteria, and in reasonable 
concentration fails to affect the respiration 
and glycoh'sis of tissue slices or the glycolysis 
of washed cell suspensions of Lactobacillus 
casci.f 

t We arc ind<ditod to Doris I^orr. for t!»'«c deter- 
minatinns. 
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TABLE I. 


Viruclual Activity of \nrious HnloacylaDiidcs * 








Increase in virus 



Formula 
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Cone, t 

titer (logarithm) 

i\o. , 



Compound 

Ref. 

mg per 1 

Control 

Treated 

1. 

CICH2CONH2 




100 

2.03 

— l.IG 



1 
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N 









< 

\ 

/ 

-NHCOE- Pyrimidine derivatives 





N 









3 

4 







0 

4 

6 

R 





2, 

OH 

OH 

H 

CHnCl 

§ 

10 

1.04 

1 ‘in 

3. 

OH 

OH 

CH3 

CHoCl 

S 

100 

2.24 

1 qn 

4. 

NHo 

OH 

OH3 

CHoCl 

8 

100 

0 0^ 

1 no 

5. 

CH, 

OH 

CH3 

CHoCl 

t 

100 

0 0^ 

— 1 nn 

6. 

NH, 

CH3 

CHs 

CH.,C1 

i 

10 

2.34 

— 1 50 

7. 

Cl 

H 

H 

CHoCl 

{■ 

5 

2.34 

— ^1.50 

8. 

OH 

OB 

H 

CHClo 

§ 

100 

2.20 

— 0.4 0 

9. 

0 

0 

H 

CHoCTii 


10 

2.75 

— 1.70 

10. 

NHo 

OH 

H 

CHoCl 


10 

1.40 

-—1.50 

11. 

NHn 

NHn 

OH 

CHoCl 

§ 

100 

2.09 

— 1.00 

12. 

OH 

OH 

H 

CHBrCHoCHs 

§ 

100 

1.89 

—1.84 

13. 

OH 

OH 

H 

CHBrCHa 


10 

2.03 

— I.IC 

14. 

OH 

OH 

H 

CHoF 

i 

100 

2.33 

2.00 

15. 

OH 

OH 

H 

OHoCHnCl 

i 

100 

1.85 

2 02 



X 









\_ 










\- 

■NnCOCH2Cl Anilides 





IG. 

H 




7 

10 

2.75 

—1.79 

17. 

p Cl 




5 

10 

1.84 

—1.82 

18. 

p MeO 




5 

5 

1.57 

—3.93 

19. 

v KOo 




5 

5 

1.57 

—1.93 

20. 

p HoNSOo 



G 

10 

2.20 

-3.50 

21. 

p BoNCO 



G 

10 

0 JO 

—2.00 

oo 

pCHs 




6 

100 

i.7C 

— 2.1G 

23. 

2'Cl 5'Cl 




§ 

100 

1.7G 

—0.33 

24. 

0 iCOo 




5 

100 

1.7G 

—1.28 

25. 

m NOo 




5 

5 

1.57 

—1.93 


* Detcrmmed as described by Tliompson.2 
t The minimal effective concentration is given. 

} 'We arc indebted to Prof. Alc.v. It. Todd for this substance. 

5 These bitlierto undescribed compounds %vcrc prepared in Tlic Wellcome llesoarch Labora- 
tories. 

]1 1,3-Dimetbyl derivatives. 

oBcckurts, H., and Frericlis, G.. Arch. Fharm., 1915, 253, 233. 

0 Jacobs, W. A., and Hcidelbergcr, M., J. Am. Chem. Sor., 1917, 39, 2429. 

T ^Icyer, P. J., Ber., 1875, 8, 1153. 

8 Bussell, P. B., Elion, G. B., and Hitchings, G. B., J. Am. Chem. Soc., 1919, 71, 171. 


V'hen the structure of Chloromycetin 
(Chloramphenicol) (IV, Fig. 1) became 
known, the relationship of this dichloroaceta- 
mide to such compounds as S-chloroacetami- 
douracil (I, Fig. 1), 5-dichloroacetamidoura- 


Soc 


Hcbstock, c., Crooks, B. JI.. Jr., ControuUs, 
and Barts, Q. B., llStl. Meeting Am. CT.em. 
San Francisco, C.alif., 1919. Abstracts 9K. 


cil (II) and a-chloro-/>-nitroacetanilide (III) 
became apparent. The previous work sug- 
gests that the virucidal center of Chloromy- 
cetin resides in the dichloroacctamide linkage 
and that all haloacylamides are potentially 
virucidal. It suggests the possibility that 
some of the simpler haloacykaraides maj' find 
practical application in the sterilization of 
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substances from the standpoint of viral con- 
tamination. 

These findings suggest that the tissue cul- 
ture system when properly controlled is capa- 
ble of the demonstration of active wrucidal 
chemical groupings. \h‘rucidal substances dis- 


covered in this way may be thought of as 
comparable to bactericidal substances dis- 
covered in the usual in vitro bacterial growth 
systems. The relationship between such sub- 
stances and useful chemotherapeutic agents 
ma\' be as uncertain in the one biological 
sj'stem as it is in the other. 

Summary. Sei'eral chloro- and bromoacjda- 
mides were demonstrated to inhibit multipli- 
cation of the vaccinia virus in chick embrj'onic 
tissue. 5-Dichloroamidouracil was found to 
be inhibitorj'- whereas S-fiuoroacetamidouracil 
was inactive. 

Beccived July 25, 1949. P.S.E.B.M., 1949, T2. 


Seasonal Variation in Human Fasting Blood Sugar Levels.*^ (17366) 
Lois F. Hallman and Elsa Orent-Keiles. 

From the Bureau oj Human Nutrition and Home Economics, Agricultural Research Administration, 
U. S. Department o) .Agriculture, Washington, D.C. 


During the course of a stud}’’ on human 
subjects involving the effect of the breakfast 
meal on carbohj-drate metabolism,^ seasonal 
variation in fasting blood sugar levels was 
noted. 

Work done in this laboratory over a 2 
year period on 9 women gave a total of 170 
fasting blood sugar determinations. WTien 
these values were averaged by months, the 
results shown in Fig. 1 were obtained. The 
fasting values during the 2 year period were 
within the range given by Peters and Van 
Slyke.- However, they showed marked sea- 
sonal differences. Blood sugar concentra- 
tion rose progressii'ely with the colder months 
of the year and were definitely higher in the 
winter than during the summer months. 

• This rcse.irch ^v.^s done as part of a project 
supported by an allotment made by tlie Scerctary 
of Agriculture from Special Bcscareh Funds 
(Banlchcad-Joncs Act of June 29, 1935). 

1 Orcnt-Kcllcs, EIs.a, and n.allm.an, Lois F., 
U.S.D.A. Circular, 1949, No. S27. 

- 1 cters, J. F., .and 1 an Slyke, D. D., Quantita- 
tive clinical chemistry, Vol. 2, CTiap. HI, WilUams 
and Vlilkins, 194C. 



FiC. 1. 

Average blood sug.ar values by month. Standard 
deviations indicated by vertical lines. 


The subjects used in this study were 9 
women laboratory workers ranging in age 
from 28 to 48 years They were of average 
weight and height and moderately active. 
They were considered to be in good health 
although no physical or medical e.vaminations 
were made. 

Periodic blood counts and urine analyses 
were normal. .At no time did any of the sub- 
jects participate in an experiment when suf- 
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fering from a cold or similar indisposition. 
Neither were tests made during menstruation. 
Bj' coincidence none of the subjects were 
smokers. 

Samples of blood were taken after IS hours’ 
fasting and collected from a fingerprick into 
a paraffin well. Folin’s micro method'* was 
used for the glucose determinations, using 
1.6% sodium carbonate in place of the sodium 
cyanide-sodium carbonate solution as recom- 
mended by Klendshoj and Hubbard.'* Read- 
ings were made on a Beckman spectrophotom- 
eter at 5200 A. All measurements and read- 


SFolin, O., nnd Svcdberg, D., J. Jiiol. Chcin., 
1930, 83, 85. 

■< Klendshoj, Niels C., .md Hubb.ard, Itoger S., 
J. Luh. Clin. Med., 1939-40, 25, 1102. 


ings throughout the study were done by the 
same analyst. Periodic standard sugar cur\'es 
were made to check the solutions and the in- 
strument. .A search of the literature revealed 
only 2 observations"’'** which suggest a rela- 
tionship of season to concentration of blood 
sugar in human subjects. 

The results obtained in the study reported 
here present the question whether these sea- 
sonal differences are due to variation in the 
quality or quantity of the food ingested or 
difference in the indwidual metabolism, or 
both, at different seasons of the year. 

•-•Johnson, Buford, J., J. Comp. P.tpchol., 1922, 
2, 155. 

••Slrouso, S., Arch. Int. Med., 1920, 20, 75S. 
Received July 27, 1949. P.S.E.B.M., 1949, 72. 


Hearing in Guinea Pigs Deficient in the Anti-Stiffness Factor.* (17367) 


Rosalind Wulzen and Alice B. Plympton. 

From the Department oj Zoolopy, Oregon State College, Corvallis, Ore. 


This research was outlined to establish 
whether a diet deficient in the anti-stiffness 
factor*-' produced diminution in the hearing 
ability of guinea pigs. Responses of guinea 
pigs to sound are various. The most fre- 
quently observed reflex is the well-known ear- 
flick which, when well developed, is a folding 
back of the ear against the side of the head, 
but in diminished form is a mere quiver of the 
edge of the ear. This type of response was 
chosen as the most clear-cut obtainable to 
establish the hearing range of guinea pigs, 
although certain animals gave evidence by 


» Supported iu p.ort by .o gr.ont from Gciicriil 
Resonreb, Oregon Stiitc College. 

1 AVulzen, R., oud Balir.s, A. JI., Physiol. 
Zoologn, 1930, O, oOS. 

‘-•Wulzen, R., and Balirs, A. M., Am. .T. Phys.ol., 
1941, liLI, 500. 

•Ivan AVagtendonlc, AV. ■!., d. Ptinl. Chem., 1944, 


Simonson. D. H., and van AVngtendonk, AV. J.. 
' 170 ^30. 

Folker’a, K., Chem. and Physiol, of Growth, 
», 82-80. 


jerking or movement of whiskers that they 
heard a little beyond the limits set by the 
ear-flick. 

Stimuli were furnished by a General Elec- 
tric audio-signal generator combined with a 
loud speaker and ke\' (borrowed through the 
kindness of Prof. E. A. Yunker, Department 
of Physics, Oregon State College). Free re- 
sponse was obtained by placing the uncon- 
fined animal upon the table, closely facing the 
loud speaker. Each guinea pig tvas e.vposed 
to a series of signals from a frequency of zero 
to a frequency of 17,000 cycles per second. 
The range in pitch to which ear-flick response 
was given was found to be 150-1 6500 cj'cles 
per second. Fluctuations in electric current 
from time to time produced slight variations 
in response. 

The 68 e.xperimental animals used in this 
research had been fed a diet deficient in the 
anti-stiffness factor for at least 11 months 
before the testing started. This diet con- 
sisted of 18-20% skim milk powder in water, 
to which was added copper and iron .salts and 
the following as.sortmcnt of vitamins: The 
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salts and ascorbic acid, 10 mg per animal, 
were added to the morning feeding. The fat 
soluble and the water soluble vitamins were 
added alternately to the evening feeding, al- 
lowing 2 cc of the solutions for each animal. 


Vitiiinin solutions 

tVator soluble Thiamine hydrochloride 0.2 g 

1 liter Kiboflariu 0..o 

Tyridoxiiie hydrochloride 0.1 

Nicotinic acid 1.0 

Calcium pantothenate 0.1 

Inositol 10.0 

p-.Amino benzoic acid 2.0 

Choline hydrochloride 50.0 

Folic acid 0.003 

Biotin concentrate 3 drops 

F.at soluble Beta carotene 20 cc 

1 liter Viosterol 10 cc 

.Alpha tocopherol 0.1 g 

2 'CH; 5 - 1 , 4-naphthaquinone 0.1 g 


The 68 deficient animals were compared 
with 68 non-deficient stock guinea pigs which 
had been fed a diet of rolled barley, with 
abundant green feed daily. Both groups of 
animals were bedded in wheat straw and pro- 
vided with iodized salt and water. 

Both stock and deficient animals were sub- 
jected to frequent hearing tests over a period 
of 7 months. In both groups it was found 
that individuals differed from one another in 
hearing to some degree, but this difference 
involved almost exclusively the lowest extent 
of the hearing range, up to about 2000 cycles 


5 ,|,, 



ihG. 1. 

r Pl'fr scrii's rcprc.-ictits hc.Tring niugc of US 
guinea jugs fed stock Uict. J^tvrr series repre- 
sents hearing range of OS guinea pigs foil Uelicicnl 
Uiet. I.ength of imlivitlual lines irnlicati's range 
in pitch of ainlio si^nals from UKI to I0..1Oii eyele.s 
per secoml. SoVnl jnrrtion of line in(Vn*ates actual 
range of each .■iniinal. Note (1) that no stwk 
animal had senmisly diminiriie,! liearing range; 

111 deficient animals gave no auditory response. 



Seven individual eases of deficient guinc.a pigs 
showing recession of hearing during an c.vpcri- 
mental period. Length of individual lines indi- 
cates range in piteh of audio-signals, 100 to 10,-300 
cycles per second. Solid portion of line indicates 
actual hearing range of deficient animal on day 
tested. Each group of lines represents successive 
hearing responses of one animal. The decline of 
e.ach animal to final deafness is shown by an over- 
all decrease in length of solid lines. Final dotted 
line in each group shows entire absence of hearing 
response, which was proved by many subsequent 
tests to be permanent deafness. 

Intervals in davs between testing dates were as 
follows: (a) 30,' 30, 23. (b) 3(i. 43. 23, 14. S. 
(e) 30. 4.5. 10. 4, 3. 10, (d) 30, 45. 23, 10, 4, (e) 
30, 45, (f) 30, 35, 10, 4, 3, 17, (g) 30, 3-5, 17, 10. 

per second. The upper limit of hearing with 
apparently normal animals was very regularly 
somewhat above 10000 cycles per second. 

The 68 non-deficient animals showed nor- 
mal range of ear-flick response at each test 
over the 7-month period of observation, the 
most restricted range being 2,000-10.000 
(Fig. 1. upper). Of the 68 deficients tested, 
1 1 never gave ear-fiick response at any time 
during the 7-month period. It should be 
noted that these animals had been on deficient 
diet for at least 11 months before the first 
test. By the end of the 7-month experimental 
period, 8 more guinea pigs had become deaf 
(gave no ear-flick response), making a total 
of 19 deaf animals (Fig. 1, lower). The ad- 
vancing deafness of 7 of these individuals is 
illustrated in Fig. 2. 

Statistical analysis was made of data on 
hearing ability of 56 stock animals and 64 
deficient animals. The average ranges (high- 
est frequency at which ear-flick was obtained 
less lowest frequency at which ear-flick was 
obtained) are given in Table I. The analysis 
of variance shows that the animals which 
were fed with the same diet differed from one 
another in range of response to audio-signals 
(F = 34.75 with IIS and 429 degrees of 
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fering from a cold or similar indisposition. 
Neither were tests made during menstruation. 
By coincidence none of the subjects were 
smokers. 

Samples of blood were taken after 15 hours’ 
fasting and collected from a fingerprick into 
a paraffin well. Folin’s micro method'* was 
used for the glucose determinations, using 

I. 6% sodium carbonate in place of the sodium 
cyanide-sodium carbonate solution as recom- 
mended by Klendshoj and Hubbard.^ Read- 
ings were made on a Beckman spectrophotom- 
eter at 5200 A. .All measurements and read- 

3 Folin, O., and Svedberg, D., J. Biol Chem., 
1930, 88, 85. 

•< Klendshoj, Niels C., and Hubbard, Bogor S., 

J. Liih. Clin. Med., 1939-40, 2o, 1102. 


ings throughout the study were done by the 
same analyst. Periodic standard sugar curves 
were made to check the solutions and the in- 
strument. A search of the literature revealed 
only 2 observations*’'” which suggest a rela- 
tionship of season to concentration of blood 
sugar in human subjects. 

The results obtained in the study reported 
here present the question whether these sea- 
sonal differences are due to variation in the 
quality or quantity of the food ingested or 
difference in the individual metabolism, or 
both, at different seasons of the year. 

■■> Johnson, Buford, J., J. Comp. B-fiicliol., 1922, 
3, 155. 

<> Strousc, S., Arch. Int. Med., 1920, 2(1, 75S. 
Boceived July 27, 1949. P.S.E.B.Jf., IPtO, 72. 


Hearing in Guinea Pigs Deficient in the Anti-Stiffness Factor.* (17367) 


Rosalind Wulzen and Alice B. Plympto.v. 

From the Department of Zoology, Oregon State College, Comallis, Ore. 


This research was outlined to establish 
whether a diet deficient in the anti-stiffness 
factor*"’' produced diminution in the hearing 
ability of guinea pigs. Responses of guinea 
pigs to sound are various. The most fre- 
quently observ'ed refle.x is the well-knoivn ear- 
flick which, when well developed, is a folding 
back of the ear against the side of the head, 
but in diminished form is a mere quiver of the 
edge of the ear. This type of response was 
chosen as the most clear-cut obtainable to 
establish the hearing range of guinea pigs, 
although certain animals gave evidence by 


» Supported in p.nrt by .a gr.aut from General 
Besoarcli, Oregon State College. 

iWuken, K., aud Bahrs, A. M., Physiol 


"S* A. .u, 

^^fram'lV.agteudonk, W. -T., d. Biol Chem., 1944, 


15 ." 5 , 337 . 

4 Simoiisen, P. H-, 


and van Wagfendonk, 


W. ,T., 


1947, 170, 239. 

SFolkers, K-, Chem. 


and Physiol of Groirih, 


1949, 82-80. 


jerking or movement of whiskers that they 
heard a little beyond the limits set by the 
ear-flick. 

Stimuli were furnished by a General Elec- 
tric audio-signal generator combined with a 
loud speaker and key (borrowed through the 
kindness of Prof. E. A. Yunker, Department 
of Ph 3 'sics, Oregon State College). Free re- 
sponse was obtained by placing the uncon- 
fined animal upon the table, closely facing the 
loud speaker. Each guinea pig was e.vposed 
to a series of signals from a frequency of zero 
to a frequency of 17,000 cycles per second. 
The range in pitch to which ear-flick respon.se 
was given was found to be 150-16500 cycles 
per second. Fluctuations in electric current 
from time to time produced slight variations 
in response. 

The 68 e.vperimental animals used in this 
research had been fed a diet deficient in the 
anti-stiffness factor for at least II months 
before the testing started. This diet con- 
sisted of 18-20% skim milk powder in water, 
to which was added copper and iron .salts and 
the following assortment of vitamins: 'I he 
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fered with 0.1% sodium acetate/* directly 
into the pars distalis. 

In 12 of the 20 eYperimenta! animals which 
survived this operation for 48 hours the cop- 
per did not reach the hj^iophysis; the hj^po- 
physeal capsule remained intact. None of 
these 12 revealed ruptured or hemorrhagic 
follicles at autopsy. This group included 5 
injected -with copper acetate in an India ink 
suspension, and the ink was found in the re- 
tropharjmgeal region below the sella and in 
the cavernous sinuses. Of the 8 whose hypo- 
physes actually received copper, 6 ONuilated. 
Two of the 6 had hj'pophyses penetrated to 
the top in such a way that some of the copper 
could possibly have reached the h 3 ’pothalamus, 
but in the other 4 no such condition e.visted. 
Three of the 8 injected hj^phj'ses were en- 
tered with the copper-ink medium and of 
these, 2 ovulated; but in all 3 most of the 
ink was located inferior to the sellar region, 
none above the diaphragma sellae. The ef- 
fects of mechanical trauma were controlled 
by a series of 7 animals into each of whose 
hjrpophj’ses a bipolar electrode was inserted,*® 
and a second series of 23 rabbits whose hj^x)- 
physes were injected ivith acetylcholine-eser- 
ine solution.** None of the former and onh’ 
one of the latter ovulated. 

At first glance our results, oimlation in 

U Markec, .1. E., S.nw'yor, C. H., and HoUins- 
liead, W. H.. Endocrinology, 194G. 38, 345. 

194S, 2, 117. 

l-Dury, A., and Bradbury, J. T., ^m. J. 
Physiot.. 1942, 133, 5S7. 


75% of 8 rabbits, on intrapituitary injection 
of copper, might seem unconnncing compared 
with Arris’ 80% of 13 animals on injection 
of copper into the third ventricle, especialty 
since Harris used a dosage onl}’- a third as 
great as ours. However, most of our injected 
material backed out of the sella, away from 
the hj'pophj'sis and hypothalamus, while Har- 
ris’ copper could have reached and stimulated 
the hj-pophj'sis directl,v rather than the hypo- 
thalamus as he assumed. His copper, deposited 
in the third ventricle, may’' well have been 
picked up by the proximal capillary’ ple.xus of 
the hy’pophyseal portal sy'stem and carried by 
the portal veins directly^ to the adenohypo- 
physis. Brooks’ failure to induce mmlation 
with copper in stalk-sectioned animals is dif- 
ficult to e.xplain in terms of a direct-action 
hypothesis, since presumably an adequate ar- 
terial blood supply’ to the adenohypophy’sis 
remained intact after his operation. The pos- 
sibility does e.xist, however, since he could not 
test them by the mating response and since 
he supplied no estrogen, that his copper-treat- 
ed stalk-sectioned animals were anestrous. 

To summarize, the intrahypophyseal in- 
jection of 1/1 00th of the systemic dose of 
copper acetate, an agent whose effect on stim- 
ulating the release of hypophyseal LH is not 
blocked by anti-adrenergic or anti-cholinergic 
drugs, has led to ovulation in 6 out of 8 
rabbits. It is, therefore, concluded that at 
least part of the copper effect is a direct 
stimulation of adenohypophy'seal cells. 

Received July 27, 1949. P.S.E.B.Jt., 1949, 72. 


Reduction of Potassium Tellurite by Living Tissues.* (17369) 
hi. Wachstein. 


From the Department oj Patholosy, St. 

The property of soluble colorless letrazol- 
ium .salts to form insoluble red to purplish 
formazans as reduction products can be used 

* This work •^T.^s done under .n grant from the 
Bamon Runyon Mcinori.al Fund for Cancer Re- 
Fparoli, Ine. 


Catk€rcittr*s Hospitalt Brooklyn, X. T. 

for the demonstration and microscopic locali- 
zation of reducing activity in living tissues.*"* 

1 Mattson, A. M., Jenson, C. O., and Dutclicr, 
R. A., Seicnee, 1947, IOC, 294. 

-Pratt, R., and Dufrenoy, .T,. Stain Technology, 
194S, 23, 1.37. 
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Copper Stimulation of Httpophysis 


T^UBLE I. 

Average linngc of Hearing. 



Stock 

Deficient 

No. of animals 

50 

64 

No. of measurements 

17G 

373 

Avg range 

10,G30 

7,328 


freedom). It also shows that animals fed 
stock diet had significantly wider range of 
response to audio-signals than those fed de- 
ficient diet (F = 18.34 with 1 and 118 de- 
grees of freedom). 

Stcmmary. Guinea pigs fed a diet deficient 


in the anti-stiffness factor may ultimately de- 
velop inability to respond with the ear-flick 
to auditory stimuli. At the conclusion of the 
experiment, 28% of the deficient animals were 
deaf according to the ear-flick test, in contrast 
to 0% among the stock animals. It was 
possible to trace developing deafness accord- 
ing to the ear-flick test in a considerable 
number of animals maintained on a deficient 
diet during the e.xperimental period of 7 
months. 


Received .Tilly 27, 1940. P.S.E.E.M.. 1040, 72, 


Evidence that Copper Acetate Induces Ovulation in the Rabbit by Direct 
Stimulation of the Adenohypophysis. (17368) 


J. E. Marker and Charles H. Sawyer. (Introduced b\' Philip Handler.) 

From the Department of Anatomy, Duke University School of Medianc, Durham, ;Y. C. 


Copper salts induce ovulation in the estrous 
rabbit,^'- a species which normally ovulates 
only after copulation. The natural mating 
stimulus, which results in the release of lutein- 
izing hormone from the adenohypophysis, in- 
volves the hypothalamus and the pituitarj^ 
stalk® and includes both adrenergic and cholin- 
ergic components.'* 

Bischoff® suggested that copper activated 
the hjTiophj'sis by toxic stimulatory' effects 
on the nervous system. The idea appeared to 
be confirmed by the results of Brooks,® who 
found that copper failed to induce ovulation 
in rabbits whose h 3 'pophyseal stalks had been 
severed, and Harris,® who reported that very- 
weak dosages of copper acetate injected di- 
rectly into the third ventricle stimulated the 


ovulatory response. 

We were led to doubt that copper-induced 
ovulation is purely a nerve-stimulation phe- 


' IFovoW, h 7 L., Hisav, E. L., niid Creep, R., 
Am. J. Fhvmoh, :9.SG, 117, CS. 

2 Emmens. C. "W., J. Endocrin., 1940, 2, 03. 

3 Brooks, C. Me., Ecs. EuW. Assn. Eerv. Ment. 
Dis., 1940, 20, 525. 

4 Saii-J-or, C. IT., M.irkcc, .T, E., and Townsend, 
B F.. Endocrinology, 1949, 44, IS. 

sBisehoff, F., Am. J. Ehysiot, 193S, l^l, 70.,. 
0H.arris, G. IV., J. Fhysiol. 1941, 100. .31. 


nomenon when dibenamine and atropine, in 
dosages adequate to block the copulation 
stimulus from reaching the In'pophysis,'*'^ 
failed to prevent copper acetate from activat- 
ing the release of an ovulatory surge of LH.® 
It therefore seemed desirable to test the Iw- 
pothesis that copper might e.xert its stimula- 
tory action directly upon the anterior pituitary. 

Se-xually mature female rabbits ranging in 
weight from 2.5 to 4.3 kg were emploj'cd in 
this study. To insure an estrous condition, 
each animal was treated with 85 /ig estradiol 
benzoate on 2 successive daj's prior to copper 
administration, for ovulation is not induced 
bj' copper in anestrous rabbits.® A control 
series of 10 females revealed that the estrogen 
alone would not stimulate LH release. The 
hypophysis was approached parapharyngcally 
as in earlier studies,’®-” and 4 attempts were 
made at 5 or 10 minute intervals to inject a 
total of 0.15 ml of 0.1% copper acetate, buf- 

7 Sawyer, C. II., Markov, ,1, E.. and Everett, 
,r. W., Poor. Soc. Exr. Biol, a.vp .IfKi,., 1949, 71, 
070. 

s .Sawyer, C. H., and Marke.-. .T. E., impulili-ilied. 
l> Bury, A., and Bradbury, .1. T.. .(i.-i. A. Physiol., 
1943, laO, 13,7. 

10 Marker, .1. E., .Sawyer, C. II.. and Iltdlins- 
head, W. If., Endoerinolno;/, 1940, .SS, 347. 
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F'.g. 1. 

A frozou sevtioii from a ral>t>it kidiu'v showing tellurium deposition 
in the proximal convoluted tubules. X 4-50. 



A frozen secti<in 
nininly in :^^(■endit^g 
medulla. X lob. 


from raft^iit kidney showing tellurium deposition 
limbs of ilenle’s loops in Ilie outer zone of the 


as human origin. In the cortex, the proximal 
and distal convoluted tubules, as well as as- 
cending limb.s of Henle’s loops, showed de- 
position of tellurium (Fig. 1). \Yithin the 
outer 7,one of the medulla, tuscendiitg and de- 


scending limbs of Henle stained selectively 
(Fig. 2) while in the innermost portion of the 
medulla, occasional collecting tubules revealed 
reducing activity. The intensity of the stain- 
ing reaction varied considerably from field to 
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Potassium Tellurite Reduced by Living Tissues 


Potassium tellurite introduced into bacteriolo- 
gy by Klett'’ and later utilized b\' Conradi 
and Troch*’ for the isolation of diphtheria ba- 
cilli, was found to be a suitable reagent for 
this purpose since reduced insoluble tellurium 
imparts a distinct black color. A similar re- 
agent had been previousl}^ employed by Hase- 
gawa" for the determination of the germina- 
bility of cereal seeds. 

Method. A 0.1% solution of potassium tel- 
lurite C.P. in M/IO phosphate buffer pH-7.4 
gave reproducible and consistent results. For 
comparison, a saturated solution of “neotetra- 
zolium chloride” obtained from Pannone 
Chemical Compan}', Farmington, Conn, in 
physiological saline solution or phosphate 
buffer was likewise used. The formula of 
this compound is: 


Cl- 


Cl- 


C- H - N — N — <C3 - 0> — N — N - C. H . 

6 S I n ,,68 


N N 
I 


N N 
\ y 
C 
I 

C«H8 


Results and discussion. 24 hour cultures of 
various bacteria (£. coli, S. typhimurium, S. 
oranienburg, S. inontividco, S. typhosa, Shi- 
gella alkalcscens, Proteus morganii, Proteus 
vulgaris. Pseudomonas aerugenosa, B. snbtilis, 
Staphylococcus, Streptococcus viridans, C. 
diphthcriac) grown in 2% peptone water or 
nutrient broth reduced both “neotetrazolium 
chloride” and potassium tellurite. 0.2 cc of the 
reagents were added to 3 cc of the culture 
medium. A strong reduction was also seen 
bv several strictly anaerobic bacteria, (C. 
tctani, C. botulinum, C. pcrjringcns) grown in 
tryptose broth, regardless of whether the cul- 
tures after the reagent had been added were 

~gtr;,us, r. n., Clicronis, N. P., anil Rtr:ms, K., 
Scirticr, 104S, 103, ll.S. 

■I Antopol, W.. Glauljac-Ii, S.. nnd Golilni.-in, L., 
Public IJcalth Veporls. 1048, 03, 12.11. 

"i Klett V Zcitrcbr. JI;!!!., WOO. Ifif. 1.17. 

oConnulV’ll.. «ti< 1 TroH,, 1'., .V"nrb. .l/ol. 

Wnchcn.^rhr, 1012. -W. 

THasogawa, K., Joimuc.sr J. of P.otauy, lO.lfi, 


returned to strictly anaerobic condition or 
left outside in the air. In general, the re- 
duction of potassium tellurite required several 
hours while that of “neotetrazolium” was ap- 
parent within 30-60 minutes. Under the mi- 
croscope, man}' of the bacteria as well as the 
cocci showed similar inclusions with both re- 
agents. The ones following treatment with 
“neotetrazolium"* were larger and coarser, 
but their general shape and distribution was 
alike with both preparations. 

Suspensions of fresh** and of air-dried I'east** 
reduced tetrazolium salts as well as potassium 
tellurite. Under the microscope, many yeast 
cells showed fine and coarse granules of similar 
morphology with both preparations. 

Material from various kinds of exudates 
from human patients were suspended in po- 
tassium tellurite and “neotetrazolium chlor- 
ide” solutions at 37°C. In a considerable 
amount of polymorphonuclear leucocytes, re- 
ducing activity was revealed by the occur- 
rence of purplish red and black granules re- 
spectively, of similar appearance and distri- 
bution. Thin tissue pieces from rat and rab- 
bit organs as well as from operatively re- 
moved human material were suspended in po- 
tassium tellurite and “neotetrazolium chlor- 
-ide” solutions and kept at 37°C. Within IS 
to 30 minutes, a discoloration took place in- 
creasing in intensity within the next hours. 
The extent of discoloration was similar m'th 
both reagents. Kidney tissue, c.g., showed the 
strongest reaction while intestines reacted only 
moderatel}' and fat' tissue very weakly. A 
more consistent and deeper penetration of 
the tissues was however noted with potassium 
tellurite. 

The distribution of reduced tellurium can 
be studied in frozen sections prepared from 
formalin fixed tissues cut at 15 to 25 /< that 
had been immersed for 8 to 12 hours in the 
potassium tellurite solution previous to fixa- 
tion. Paraffin embedding may also be em- 
ployed but has so far given inferior results. 
Particularly satisfactory preparations were 
obtained with kidney tissue of animal as well 

•s Kutin, It., iiiitl .TrrcIi(*I, IL, /Ut dec }}* utrhen 
riirm. CiK.. I'Ml, T411, !I40. 

!'Gniir. K. W.. .V.ititre. lO tii, 10:1, !"=. 
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Amino Acid Balance at Super-normal Dietar>- Levels.’ (1/370) 

H. J. ArMQUiST. 

From The Grange Company, Modcslo, Calif. 


It has been pointed out that the same rela- 
tive proportions of indispensable amino acids 
to each other must be established to secure 
the maximal gain possible by the chick, on a 
particular diet, vrhether the amino acids are 
supplied as mixtures made up from the single 
amino acids, as hj'drolyzed proteins, or as 
intact proteins. These findings ■were based 
primarily upon protein levels at an approxi- 
mate optimal value of 20% of the diet.^ Re- 
cently it ■was shown bj* Grau that the lysine 
required to supplement sesame protein for 
•maximal growth of the chick at any protein 
level from 5 to 30% of the diet was almost 
directly proportional to the protein level.- 
The present studies were conducted to in- 
vestigate the relation of dietarj' protein level 
to methionine requirement of the chick. 

ExpcrimcittaL S. C. White Leghorn, New 
Hampshire and New Hampshire-Barred Rock 
Cross cockerel chicks, were fed for one or 2 
weeks a practical starting mash, then closely 


T.A.BLE I. 

Coinyosit ion of Basal Diets.* 

i iT 


Sovbcan meal 

40S g 

017 g 

Boncmcal 

50 g 

50 g 

Limestone 

10 g 

10 g 

Paper pulp 

20 g 

0 g 

Salt 

10 g 

10 g 

Animal protein factor cone. 11 g 

11 g 

Cystine 

1-1 g 

1-1 g 

liibollavin 

4.4 mg 

4.4 mg 

Ca. pantothenate 

11.0 mg 

11.0 mg 

Niacin 

44.0 mg 

44.0 mg 

Thiamin 

4.4 mg 

4.4 mg 

Cliolinc chloride 

CGO rag 

GOO mg 

Vit. E 

11.0 mg 

11.0 mg 

Vit. .\, L'-S.!*. units 

11.000 

11.000 

Vit. D, .\.0..\.C. units 

1.100 

1.100 

Glucose to 

1 hg 

1kg 

• Vitamin quantitie.s 

indicated .arc 

in addition 


til ttio.uo pro.icnt in tlie Foybenn mc.Tl. 

t .Supiilicil by Lcilcrio Laboratories tbroupb tlie 
kinilness of Pr. T. H. .Tukes. 

* Pro.iontcil at the Informal Poultry Nutrition 
Conferenre. Petrnit. .tvr'il, 

> .\lniquist, H. .T.. J. .Yijtritfon. 1P4T, fM, 543. 
Sfirau. C. It., J. .Viitrition. 1P4S, SO, 


selected for weight and N-igor, divided into 
groups of 10 to 15 each, and placed on the 
experimental diets. The soybean meals used 
were solvent-process meals of known good 
quality, and with only verj- slight urease ac- 
tivities. The diets were made up as indicated 
in Table I. 

The chicks were kept for 2 weeks on the 
experimental diets. Supplements of DL- 
methionine, and results obtained are indicated 
in Table II. 

Recent analyses of soybean meals for 
methionine, and, in particular, one thorough 
study, have shown that modern soybean 
meals cannot be expected to provide much 
more than approximately 1.5% methionine, 
as calculated on the crude protein (% N N 
6.25) basis. More than 0.10% but not more 
than 0.20% added methionine was needed to 
permit maximal gain at the 20% protein level. 
The addition of 0.20% methionine brought 
the total up to 0.50%, which is the previously 
estimated minimum requirement standard for 
chicks.^ This requirement had been estimated 
by the use of S. C. ^^^^ite Leghorn chicks. 
The present data show that this estimate 
holds equally well for New Hampshire and 
New Hampshire-Barred Rock Cross chicks. 
On the other hand, McGinnis and Evans^* 
have suggested that New Hampshire chicks 
may require less methionine than White Leg- 
horns. 

The 30% protein diets were not completely 
supplemented by an addition of 0.20% meth- 
ionine. It is probable that verj- nearly 0.30% 
added methionine. (0.75% total methionine) 
but not more, was required to permit maximal 
rates of gain with the 30% protein diets. 
Evidently, the amount of total methionine 
needed to support the maximal rate of gain 
was proportional to the total protein level. 

^ Kuiken. K. A., and J. 2iioL 

Chrm., lO-jn, IT", CP. 

McGinni?, J., and Kvan«, I?. J.. .VnfnfiVnn, 
1047 , ^ 4 , 725 . 
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Potassium Tellurite Reduced by LmNc Tissues 


field. In general, however, proximal convol- 
uted tubules and ascending limbs of Henle’s 
loop reacted strongest. 

Intravital reduction of tellurium in the kid- 
ney could also be demonstrated with potas- 
sium tellurite, although the reaction was less 
extensive. Two groups of 6 adult rats re- 
ceived a daily intraperitoneal injection of 
0.8 cc of “neotetrazolium chloride” and po- 
tassium tellurite solution, respectively, for 16 
days. On gross examination, the cortical por- 
tion of the kidney was stained. Microscopical- 
h’’, reduction took place only in the proximal 
convoluted tubules. The depositions of tellur- 
ium as well as of the formazan were consider- 
abl}’’ less intense than in supravitally stained 
kidney tissue. With potassium tellurite there 
was however very little reduction in the liver, 
while considerable dye deposition took place in 
the parenchymal cells with “neotetrazolium 
chloride”.^ The deposition of tellurium in 
the kidnej’’ took place in such a manner as to 
suggest a localization within large droplets and 
rods closely simulating the microscopic ap- 
pearance of kidney sections that had been 
specifically stained for mitochondria. On 
chemical examination, Schneider found vari- 
ous enzymes including succinic dehydrogenase 
to be associated with the mitochondria or large 
granule fraction from rat liver and kidney 
homogenates.^® 

The conditions under which potassium tel- 
lurite is reduced are closelj'- similar to those 
under which “neotetrazolium chloride” is 
acted upon. Boiling, alcohol, acetone, and 
formalin fixation destroy the reducing ability 
of animal tissue for both reagents. Antopol 
and coworkers^ have noted that in the test 
tube, cysteine and glutathione at pH-7.0 re- 

10 Sclmeider, tV. C., J. Siol. Chcm., 1916, 103. 
5S5, 


duce “neotetrazolium chloride” in contrast to 
cysteine and methionine, thus indicating the 
importance of active SH groups. An identical 
behavior was found with potassium tellurite. 
Correspondingly, treatment irith sulfhydo'l 
reagents prevented the reduction of tetrazol- 
ium salts by fresh tissue. Similarh’-, pieces of 
fresh kidney immersed for one hour in a 
0.1% solution of iodocetamide” and then in- 
cubated up to 20 hours in potassium tellurite or 
“neotetrazolium” remained completely un- 
stained. Control tissue immersed first in 
physiological saline solution and then treated 
with the reagents showed a veiy^ strong reac- 
tion. There is however considerable lack of 
specificity for inhibitors of the reduction of 
tetrazolium salts by living tissues.^- Tliis 
would indicate that a number of redudng en- 
zymes, acting possibly on various materials 
within the cell could be involved in the reduc- 
ing process. 

Summary. Reducing activity in living tissue 
can be demonstrated with the aid of potassium 
tellurite. Under the microscope, the sites of 
reduction are indicated by insoluble dark tel- 
lurium. Various bacteria, including strictly 
anaerobic ones as well as yeast and leucocytes 
from human material, reduced posassium tel- 
lurite. .Among different mammalian tissue ex- 
amined, kidney gave the most constant result, 
{jermitting histochemical localization in cer- 
tain portions of the nephron. Active SH 
groups apparently are essential for the reduc- 
tion of potassium tellurite by living tissues. 

The ■(Triter .appreciates the technic.nl .assistance 
of Miss Estlier Levenkron. 

11 Barron, E. S. G., and Singer, T. .S., .7. Biol. 
Chcm., 1945, 157, 221 

12 Fred, B. B., and Knight, S. G., Science, 1949, 
100, 169. 

Hcceived July 22, 1949. P.S.E.B.M., 1949, 72. 
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Blood Cm’ETTi: for Millikan* Oximeter 


ISl 


dal photocell unit. We have adapted the 
principles outlined by these workers to the 
use of the compensated circuit Millikan oxi- 
meter. The earpiece of this apparatus is 
clamped o\'er a plastic tube cuvette. Stand- 
ardization of the red and infra-red-red bias 
circuits is obtained by galvanometer settings 
v.ith the neutral filter and ^Yith the cuvette 
filled with oxj'gen saturated blood respectively. 

Apparatus: To utilize the photosensitive 
area of the Millikan earpiece to the maximum, 
a length of translucent polythene plastic tub- 
ing is looped to pass twice through the ear- 
piece perpendicular to the long axis of the 
photocell limb. The tubing is compressed 
slightly by thin bakelite plates. Each plate 
contains an ovoid window in which a micro- 
scope cover-glass has been cemented recessed 
flush with the inside surface of the plate. The 
diameter of the window perpendicular to the 
axis of the tubing is determined by the lateral 
edges of the lumens of the two segments of 
the polythene loop lying in close proximity. 
Such dimensions shield light which would 
pass laterally to the fluid columns. The ends 
of the ovoid window are arcs of a circle equal 



Ftn. lA. 

Cuvt'ttc Enrj'icfi’ unit. Tlip srl^rrews 
controlling cuvette thickness fit into the bnkelitc 
base ami .are not fccn. 

* .\i<le<l bv jjrnnts from the .\inerie.nn Hr.art 
.\s.socintinn anil the Orejxon Heart .\ssociation. 
1 he oxinictor tva? made available bv a pem-rous 
plft from Mr. Henry Chaney to the poernbeeher 
Memorial Hospital for Cliildren. 

t ('.room, ]).. Wood, E. H.. nurchell. H. H., and 
Parker, K. I.,, Proc. .Ifoj/o CUnir Stap .llrcfin^.s. 
lOlS, lut. noi. 



Fig. IB. 

Detail of cuvette light port. 

in diameter to the photocell port in the iNIilli- 
kan earpiece. The loop of tubing is com- 
pressed to produce a light path distance 
1.2 mm through the lumen by a set screw 
with lock nut at each corner of the bakelite 
plates. The ovoid window is placed asymmet- 
rically in the plates so that the earpiece is 
centered over the window when its upright 
is against one edge of the cuvette plates and 
the photocell limb is against two of the set 
screws. This insures a relatively constant lo- 
cation of the earpiece prior to standardization. 
The plastic tubing is 4.3 mm in external 
diameter with walls 0.5 mm thick. The tub- 
ing, obtained from an ordinary disposable 
intravenous infusion set (Baxter), may vary 
slightly in diameter and translucency without 
affecting (he accuracy of the apparatus. IMien 
this tubing is compressed to internal diameters 
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Blood Cuvette for Millikan Oximeter 


TABLE TI. 

Belation of Protein and Methionine Lercls to Hip B.ite of G.tin in Cliwhs. 


Protein 
in diet, 

% 

Methionine 
added to diet, 

% 

1 oiai 

mctliionine 
in diet, 

% 

S.C. IVhite 
Leghorn, 

% 

Mew 

iraiiip.sliire, 

Yr 

Xew Haui]i.<!liiro- 
Biirred Rock cross. 

w 

20 

0 

.30 

6.3* 

7.1* 

7 

20 

.10 

.40 

6.7 

7.6* 


20 

.20 

.50 

7.0* 

8.0* 

7.0 

20 

.30 

.60 

7.0 

7.9* 

7.0 

30 

0 

.45 

6.2* 

8.2* 


30 

.10 

,55 



8.4* 


30 

.20 

.65 

6.7 

8.5* 

8.2 

30 

.30 

.75 

7.2* 

8.6* 

S.o 

30 

.40 

.85 

7.2 

8.6* 

S.4 


* Average grovtli rate of <lui)lieato pens. 


These results are analogous to those with 
sesame meal and Ij^sine.- 

The results discussed above seem sufficient 
to justify an e.vtension of the concept pre- 
viously stated by the writer/ that the pro- 
portions of indispensable amino acids to each 
other remain relatively the same for maximal 
efficiency of utilization under var3dng condi- 
tions of level and source of the amino acids. 
This concept now includes levels of protein 
intake considerably above what is usually 
considered the normal requirement for maxi- 
mal rate of gain. 

Since maximal protein efficienc}'-, as indi- 
cated by growth rate, is closely related to 
proportions of amino acids in the diet, even 
at super-normal protein levels, it would ap- 
pear, as previously suggested,* that “the pro- 
portions of amino acids reaching the synthetic 
regions in the animal are determined largely 
bj" the proportions in the diet.” The balance 
of indispensable amino acids in the nitro- 


genous increments reaching these cells is more 
important than the gross protein intake. 

-Amino acid imbalance in chick diets is not 
fulK' correctable by feeding more of the same 
imbalanced protein. This fact has a bearing 
on chick assay diets for “animal protein fac- 
tor,” in which approximately 70% soybean 
meal is used. Even with best qualities of 
soybean meals, these diets are methionine de- 
ficient, and when a material is added which 
contains both “animal protein factor” and an 
effective quantity of methionine, as in the case 
of fish meals, the growth response obser\’ed 
is a resultant of a dual supplementation. 

Summary. The methionine requirement of 
the chick for maximal rate of gain on a 30% 
protein diet is approximately 0.75% of the 
diet. This value is in direct proportion of the 
protein levels to the established methionine 
requirement of 0.50% in a 20% protein diet. 

Rpeeived August 4, 1040. I'.S.E.U.M., 1010, 72. 


Rapid Measurement of the Oxygen Saturation of Whole Blood Samples witli 
the Millikan O.ximeter.* (17371) 

Elton Watkins, Jr. (Introduced by W. B. Youmans.) 

(With the technical assistance of Katherine S. Gulli.xson.) 

Front the Departments oj Physiology and Biochemistry, University of Oregon Medtca! School, 

Portland, Oregon. 


During cardiac catheterization it is fre- 
;ntlv desirable to obtain a rapid estimation 
blood oxvgen saturation in order to orient 
lormal locations of the catheter and to de- 


termine the uniformit.v of multiple .sample.':. 
With this purpose in wind. Groom, Wood, 
Burchell and Parker' have developed a whole 
blood cuvette oximeter which requires a .spec- 
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ViH StYXE OXYGEN SATUSiTtON 5 

Fig. 3. 

ComjNirison of oxygen s.itnration determinations 
on Hi blood samples, as determined by the oximeter 
and iiy fbe Tan Slyke manoractric method. Black 
points represent polythemic blood samples having 
an oxygen capacity from 29.1 to 33.2 volumes ‘yc. 
Half-black circles represent anemic blood samples 
having an oxygen capacity of 9.0 volumes 9e. 
Circle.s represent blood samples of intermediate 
hemoglobin concentration (1-1.0 volumes % to 23.0 
volumes oxygen capacity). 



Fig. 4. 

Aariatimis of apparent oxygen saturation pro- 
ilueisl by change of hemoglobin conccntr.ation after 
standardization of the oximeter circuits. Fully 
saturated bhmd was diluted .seri.illy with plasma. 
The most dilute blood sam])le was used to set the 
bias circuit (llED) at lOOCc saturation, and, with- 
out ehange of galvanometer settings, the fully 
s.'iturated samples of higlier oxygen capacity mcas- 
nrisl, Altbongh the true oxygen satur.ation of all 
satuph's was lOpe', , tliere was a ftill in oxygen 
saturation as measured by the oximeter with more 
concentrated blood specimens, indicating incom- 
plete eompensation for changes of hemoglobin 
coneenlr.’ition. 

minimizes e.xhauslion of Uie barrier laver 
pbotocclls. 

Results. Comparison of Idood oxygen sat- 
uration (Jetenninations by the oximeter and 


by the manometric method of Van Slyke and 
N’eili® is shown in Fig. 3. The standard error 
between observations by the two methods on 
54 blood samples was 2.4% oxygen saturation. 
Determinations were made using human blood 
samples taken at the time of right heart cathe- 
terization and samples of dog blood desatu- 
rated by tonometric equilibration with nitrogen 
and air. The oxygen capacity of these samples 
%’aried from 9.0 volumes % to 33.2 volumes 
% without affecting accuracy significantly. 
The effect of wide variations of hemoglobin 
concentration following standardization is 
shown in Fig. 4. Blood from stock dogs was 
serially diluted with dog plasma and equi- 
librated with air at room temperature. The 
most dilute blood-plasma mixture was used 
to set the bias circuit at 100% saturation. The 
apparent o.xwgen saturation reading and infra- 
red galvanometer reading were then recorded 
for the more concentrated fully saturated 
blood-plasma mixtures. The observations 
during four such e.xperiments are plotted 
against oxygen capacity in Fig. 4. A change 
of oxygen capacity on the order of 10 to 20 
volumes % is required to produce a change 
of 10% in the obseired oxygen saturation. 
Thus although the bias circuit does not com- 
pletely compensate for wide fluctuations 
in hemoglobin concentration, any slight varia- 
tion of hemoglobin concentration due to fluid 
infusion and serial sampling during catheter- 
ization should not affect saturation readings 
appreciably. 

If it can be shown that the light transmis- 
sion of the empty cuvette remains constant, 
modification of this recording circuit would 
permit measurement of the entire length of 
galvanometer deflection on introduction of 
blood into the cuvette and consequently 
would allow direct reading of o.xygen satura- 
tion without the step of standardization with 
oxygen-saturated blood. However, the as- 
sumption of constancy of light transmission is 
not warranted since after several hours' use 
there is gradual fogging of the plastic tube ex- 
posed to the 6 V earpiece lamp. .-Xfter se%-eral 
hours' use. the plastic tubing is replaced. 

= V:in slyk.', H. D., .niid Noill. .T. M., J. /.’wt 
Chfm., 1924. til, 
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Blood Cuvette for Millikan Oximeter 


OXIMETER 

deflection 




LIGHT PATH DISTANCE. MM. 

Fig. 2. 

l/iglit transmission properties >vitli varying ligiit 
path distance. At c.ach liglit path distance the red 
infra-red bias circuit rvas standardized rvitli fnll 3 - 
saturated blood in the cuvette. Aliquots of a nitro- 
gen desaturated sample of the same blood then 
produced galvanometer deflection. The loiver por- 
tion of the diagram shows the galvanometer de- 
flection produced by activation of the infra-red 
photocell alone. The upper portion of the diagram 
(RED) shows galvanometer deflection produced 
bj- the bias circuit measuring oxygen saturation. 
The dotted line indicates oxygen saturation of the 
nitrogenated blood sample as measured by Van 
Slvhe manometer. Between light path distances 
of 0.88 mm and 1.35 mm a constant half scale 
galviinometer deflection is produced with desatu- 
rated blood haring an oxj-gen capacity of 23.1 
volumes 9^. 


shown in Fig. 2, an area of absorbing solution 
on the order of 120 sq mm is exposed to light. 
One end of the tubing is fitted with the hub 
of an 18 gauge hypodermic needle, which has 
been drilled to larger bore. The set-screws 
of the cuvette fit into a heavy bakelite base. 


A commercial oximeter serves as the re- 
cording device and as power unit for the ear- 
piece lamp.i The earpiece utilizes a light 
filter in the red range and infra-red range 
rather than the red and green light range of 
the original hlillikan earpiece. The bias cir- 
cuit of this apparatus results in direct record- 
in'^ of oxygen saturation; such a circuit is 
described in Millikan’s original communica- 
tion- as a single scale oximeter with auto- 
matic adjustment for ear thickness. Currents 
are recorded with a mirror galvanometer 
(Rubicon 3415) . The scale, 10 cm in length, 
is calibrated directly in percent oxygen satur- 


1 Coleman Anoxia Photnmetor Model 17A. Cnle- 
„,nn Instrument Con.pan.v, 

2 Millikan. G. A.. J-’f’’. 


' Sei. If d’d, 43-t. 


ation from 50% to 100% in 5% scale di- 
visions. 

Procedure. A warm-up period of 5 to 10 
minutes is required for the earpiece circuits. A 
standard galvanometer deflection of the in- 
frared cell circuit (“green” circuit) alone is 
set using variable resistance Ri with a stand- 
ard filter in the light patli of the earpiece 
(Coleman A Filter). The earpiece is clamped 
firmly in place over the cuvette. A blood 
sample is drawn by catheter from the patient 
and saturated with tank o.xv’gen at room 
temperature. With this saturated blood in 
the cuvette, the red-infra-red bias circuit is 
standardized at 100% saturation with variable 
' resistance Ro. The o.xinieter remains stable 
over a period of hours, but bias circuit stand- 
ardization may be repeated at intervals. Once 
standardization is completed, optical arrange- 
ments should not be altered by change of 
position of setscrews, earpiece screw or ear- 
piece. The oximeter will faithfully reproduce 
saturation values over a wide range of thick- 
ness of the whole blood column (Fig. 2) but, 
following any change of light path distance, 
new standardization of the bias circuit with 
fully oxygenated blood is required. A portion 
of the unknown blood sample, collected in an 
oiled heparin syringe, is saved in a fluoride 
lube for Van Slyke manomelric analysis. The 
last 2 ml of blood contained in the syringe 
are passed into the cuvette. This quantity of 
blood is sufficient to fill the cuvette allowing 
0.5 ml to flush the lighted segments of plastic 
tubing. Both infra-red and bias circuit gal- 
vanometer readings are made. The infra-red 
deflection records changes in total hemoglobin 
concentration. The bias circuit reading indi- 
cates the o.xygen saturation. Constancy of the 
infra-red gaivanometcr reading for successive 
blood samples indicates absence of air or oil 
bubbles in the light path and constancy of 
hemoglobin concentration. The entire length 
of the plastic tubing can be inspected for 
trapped air or oil at anj’ time during the 
procedure. Usual room lighting prwiuct^' no 
significant error in saturation determinations. 
Between readings Uie cuvette is left fiHerl 
with blood being flushed with hotnnk .sodium 
chloride solution and air just prior to intro- 
duction of the next sample. This maneuver 
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nolds, and Baumann.*^ Lcuconosioc nicsen- 
ieroidcs, P-60 was employed as the assay or- 
ganism for all amino acids except threonine 
and arginine for which Streptococcus jccalis 
was preferred. 

Results and discussion. In Table I there 
are listed the absolute amino acid levels 
(i-isomers, mg per 100 ml plasma) which 
were obser\’ed before and at various inter\’als 
after the amino acid mixture was infused in 
a normal male subject chosen as tx^iical of 5 
e.xperiments. This table also lists the quan- 
tities of the 10 amino acids (^ig per hour) 
excreted during the 2-hour period preceding 
the infusion as well as for the S-hour period 
during which blood samples were taken. From 
this data the percentage of the injected dose 
which was e.xcreted during the period of ob- 
ser\’ation was calculated. 

The amino acid pattern infused is also com- 
pared (Fig. 1) to that obtaining in the plasma 
of 2 subjects at various inteix’als subsequent 
to the injection. For this purpose each amino 
acid is first corrected for its fasting level and 
all concentrations are then expressed as a per- 
centage of the total amino nitrogen measured 
in the form of the 10 amino acids. In order 
to compare the excreted with the infused pat- 
tern the individual contribution amino 
nitrogen) of each amino acid to the total 
3-hour amino nitrogen e.xcretion of the 10 
amino acids is also shown in Fig. 1. 

It will be noted that while the amino acid 
levels at 15 minutes after the injection are 
more or less elevated in proportion to the 
amount injected, subsequenth' the levels fall 
rapidly, in some instances decre.asing to sub- 
stantially lower than the fasting levels. It is 
possible that this latter effect is referable to 
a synthetic process which requires some of the 
original amino acid supply of the body. The 
comparison of the pattern of 10 amino acids 
in the plasma at various intervals after the 
injection with that originally infused reveals 
some differences between the two subjects in 
the rate of disappearance of individual acids. 
In Subject K.H., the preponderance of leu- 
cine. valine, and methionine is noteworthy. 

B. F., Snuln'rlirli. H, K., Bt vnnlih, M* 
S., anfl nauniriim, C. A.. J, IhaK Chfjn., 3^40, J77, 
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Amino Acid Tolerance in Humans 


Standardization with oxj'genated blood prior 
to each period of use eliminates this source of 
error. In addition the introduction of a more 
sensitive galvanometer would reduce the porta- 
bility of the apparatus. 

Agreement within 4.8% saturation between 
oximeter and manometric values can be ex- 
pected ninet 3 ^-five percent of the time. How- 
ever, we have not used the oximeter other than 
as a scouting device at the time of catheteriza- 
tion checking all results ivith Van Slyke an- 


atyses prior to calculation of flow compon- 
ents. 

Summary. (1) A poljdhene tubing cuvelfe 
is described which adapts the Jlillikan oxi- 
meter for measurement of oxj'gen saturation 
of drarni samples of whole blood. 

(2) O.xygen saturation values agree vith 
Van Slj^ke manometric values with a standard 
error of 2.4%. 

Keceivcd August 1, 19-19. P.S.E.B.M., 1940, 72. 


Intravenous Amino Acid Tolerance Studies in Humans.* (17372) 

Harold A. ELirper. 

From the Department of Biology, University of San Francisco, and the Laboratories of Experimental 
Surgery, University of California Medical School, San Francisco. 


The introduction of specific and sensitive 
microbiological methods for the assaj^ of 
amino acids has made possible the further 
study of many fundamental problems in the 
metabolism of these nutrients. The increas- 
ing clinical use of amino acids in parenteral 
nutrition, particularlj' in surgery, further em- 
phasizes the necessity for more detailed stud- 
ies on the fate of these substances in the 
human organism. For this purpose the rates 
of disappearance of intravenouslj^ adminis- 
tered amino acids have been investigated. 
The problem was first studied with DL- 
methionine as a test amino acid.^-^ In view 
gf the recent work on the importance of the 
simultaneous presence of all of the essential 
amino acids if maximal nitrogen retention is 
to occur,^ it was felt that further tolerance 
studies should be conducted with a mixture 


* Pre.wntcd 'beforo the Socicf.v of Universil v 
Surgeons, Tenth Annual Mcofing, .San Francisco, 
March 24. 1949. 

1 Harper, H. A., Kinsell, L. W., and Barton, 
H C.. Science, 1947, IOC, 309. 

2 Kinsell, L. IV., Harper, H. A., Barton. H. C., 
^tichacls, G. H., and Weiss, H. A.. Science, 1947, 

100, 5S9. „ „ 

3 Kinsell, L. W., Harper, H. A., Barton. H. C., 
Hutehin, M. E., and Hess, .T. Tt., J. Chn. Invest., 
194S, 27, 077. 

•t Geiger, E.. J- 194S, 34, 9/. 


of the 10 amino acids originally tliought to be 
indispensable to man. The present paper re- 
ports the results of such studies on normal 
human males in intravenous tolerance to 10 
amino acids when injected simultaneously. 
Included also are the data on the urinarj' e.x- 
cretion of the injected amino acids. 

Experimental. The amino acid preparation 
used was the VUJ-N mixture kindh’^ supplied 
by Merck & Compan.v. The product con- 
tained varx'ing amounts of the 10 indispensa- 
ble amino acids plus additional gljxine. After 
a 12-hour fast, blood samples were withdrawn 
for determination of fasting levels of the 10 
amino acids. The amino acid mixture was 
then injected intravenously as rapidh’ as pos- 
sible using 50 ml si'ringes (about 4-5 min- 
utes) at a level of 1 ml per pound body 
weight. Blood samples were taken at 15, 30, 
60, 120 and 180 minutes after the injection, 
and urine e.xcreted during the 2-hour period 
immediateh' prior to the injection as well as 
during the period when the bloods were taken 
was also collected for assay. Ten amino acids 
were then determined b^’ microbiological 
methods on heat deproteinized plasma from 
heparinized blood, and on the urines. The 
basal medium used w.as either that of Hender- 
son and Snell,''’ or Steele, Saiiberlich. Rey- 

3 Hender(<nii, Ii. M., and Snell, E. K., J. Iti"!. 
Chrin., 1P4S, 172, 33. 


ISIassive Intraa'enous Estrogen in Humans 
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exceeded normal w-ithout any resulting 
marked increase in excretion. In the present 
e-xperiments, the rate of disappearance of 
leucine from the blood is much greater than 
that of histidine but these differences are not 
reflected in the urine. It is therefore felt 
that studies of amino acid changes in the 
blood plasma may be more valid for the pur- 
pose of an investigation of utilization of 
various mixtures. 

A comparison of tolerance to the same 
quantities of amino acids when infused at a 
constant rate over a one-hour period is now 
in progress. The results will be reported in a 
later communication. 


Summary. A mixture of the 10 indispensa- 
ble amino acids has been injected intra- 
venoush' in normal human male subjects and 
the plasma levels of these 10 acids as well as 
the urinarx’ excretion, prior and at x’arious 
interx'als subsequent to the injection, were 
determined microbiologicalli’. The pattern of 
amino acids e.xcreted is shown to bear no re- 
lationship to that infused. 

The work here reported has 1)0011 c.arricd out 
with the active cooperation of Drs. H. J. JlcCorklc, 
of Hio XJnivcrsity of Califorma Medical School, 
and H. L. Silvani, Frank Clioy, and their associates 
at The Veterans' Hospital, Fort Milcy. 

Received August 3, 1919. F.S.E.B.M., 1949, 72. 


Intrax'enous Administration of Massive Dosages of Estrogen to the Human 
Subject; Blood Levels Attained. (17373) 

Roy Hertz, William W. Tullner, B. B. Westfall, A. G. Morrow, and 

M. K. Emge. 

From the National Cancer Institute and George Washington University Cancer Research Service. 


The employment of estrogens in the man- 
agement of cases of cancer of the breast* and 
prostate* necessitates our further knowledge 
of the biological effects of the estrogens when 
administered in varying dosage and by various 
routes. 

Few data are available concerning the ef- 
fects of intravenous administration of estrogen 
in the human subject, Loeser^ injected as 
much as 10 mg estrone, 25 mg estradiol, or 
ISO mg stilbestrol intravenously in propylene 
glycol and observed an elevation of intra- 
uterine temperature presumably attributable 
to increased uterine blood-flow. He noted 
no toxic side reactions and indicated that the 
medication xvas well tolerated. .AbarbaneF 
reported the administration of small doses of 
estrone sulfate for the control of uterine 
bleeding. 

' N-ntli.-inpim, T. T., .S'liri?. Cffti. .Y. 1P47, 27. 

1144. 

- Huccins f'.. Slovens, R. E., .-ina IIpilpcs, C. V., 
.Irch. .Sr.rp., 1041, -J.1, COO. 

0 I.ovor. .\. S., .r. Oi>st. nni] Gnnec. Itrit. Rmn., 
104S. .T.-. IT. 

X -Xhnrhnnel, .\. R., paper No. 71 ; renil by title; 
for StuOy of Internal Se<*reti<)n«, ,Tnne, 1040. 


We wish to report on the clinical tolerance 
of intravenous infusions of massive dosages of 
an aqueous solution of conjugated natural 
estrogens.* We have also determined by 
bioassay the blood levels attained immediately 
following infusion and at fi.xed intervals after 
treatment. 

Materials and met/wds. Thirteen female 
and 9 male subjects have been studied. Their 
age. race, and clinical diagnosis are indicated 
in Table I. .-Ml patients were at bed rest 
when treated. Intravenous infusions in the 
dose and volume indicated were carried out 
in the customary manner employing the ante- 
cubital vein. A buffered aqueous solution of 
conjugated estrogens in the fonn of a concen- 
trate from pregnant mare’s urine was mixed 
xvith normal saline so that a final concentra- 
tion of from 0.5 to 2 mg equivalents of estrone 
sulfate per cc was obtained for injection. The 
rate of flow was so adjusted that the total 
dose was administered in from 35 to 60 
minutes. Each patient’s temperature, pulse, 

* The propnr.Ttinn uso<l wna * * Prt iiiarin * * (in* 
joctable) kiiuUy .Mipplicd tho Ayorst, >trKonna 

IlnTrUnn Ltd., thronjili tfie r(»iirtf<y of Pr-'. G, 
IL C. and K. Hrifon'^tcin, Jr. 
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Fig. 1. 

Comparison of .amino acid pattern infused ivitli tliat of tlie plasma at intervals subsequent 
to injection. The individual contribution of each amino acid to the total .S-lionr amino nitrogen 
excretion of 10 .amino acids is .also shomj. All concentr.ations .are e.vprcssed .as a percentage of 
the total amino nitrogen measured in the form of 10 amino acids. 


In Subject J. ^IcC., lysine, methionine, and 
arginine are responsible for the e.xcess over 
the infusion mixture, in the later periods. 
Only the persistence of methionine is common 
to both subjects. The other acids retain a 
close resemblance to the infusion mixture dur- 
ing most of the period of obsen^ation. The 
effect of a change in the concentration of any 
one amino acid on the uptake of the others 
would be of interest. This e.xpcriment is 
planned as an extension of the basic tolerance 
studies. 


The pattern of amino acids e.xcreted bears 
no relationship to that infused. Very little 
quantitative data on the renal threshold for 
amino acid excretion in humans is available. 
One fact that is well established, however, is 
that the reabsorptive capacity of the kidney 
for the natural L isomers, in contrast to the D 
isomers, is relatively high. At the infusion 
levels used in these experiments, histidmc, 
Ivsine and threonine accounted for the ma- 
ioritv of the urinary amino nitrogen meas- 
ured One could therefore disregard the losses 
bv the renal route of the other ammo acids. 


Silber and his collaborators' have infused 
into dogs an amino acid mi.xture similar to 
that used in our e.xperiments and studied the 
pattern of the essential amino acids e.xcreted 
in the urine. They also point out that the 
urine pattern did not resemble the pattern 
infused nor was it greatly altered by protein 
depletion. However, in a subsequent paper, 
Silber® b\' infusing 3 different amino acid 
mixtures in dogs was able to show a relation- 
ship between intake and e.xcretion and sug- 
gested that this approach might be useful in 
designing amino acid mixtures for specific 
types of patients. From our e.xperiments it 
would seem that because of the high renal 
threshold for most amino acids, the urine fails 
adequately to reflect either bloorl levels nr 
extent of uptake bi’ the tissues. In liver dis- 
ease we have repeatedly oli.s^rved [ilasnia 
levels of A-methioninc, for example, which far 

T Sillier, It. ir., .‘'■oeliT. A. O., .•ind Howe. E. E., 

,r. iiwl. Chem., IPlCi, 1 <H, liSf. 

s. Silber, It. It., Howe. E. E.. «n<I Horler, C. C, 
Tntn.-!. -Y.r. .(rod. Sd.. 104?, Her. 11, 10, U". 
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fusions were well tolerated. Serum levels of 
estrogen as determined by bioassay varying 
from 17.6 to 48 ;ig were obtained and only 
negligible quantities of estrogen remained in 
the blood after 8 hours. 

The feasibility of rapidly inducing a high 


serum estrogen le\'el by intravenous infusion 
is demonstrated. The clinical usefulness of 
this form of estrogen therapy in carcinoma of 
the breast and prostate remains to be 
evaluated. 

Receired August 4, 1949. r.S.E.B.^.. 1949, 72, 


Blood Pressure in the Rat.* (17374) 

Walter Hevmann and ^Iilena Salehar. 

From the Department of Pediatrics, Western Deserve University School of Medicine, 

Cleveland, Ohio. 


The work of Kersten ct al. on the indirect 
measurement of blood pressure in the rat*-- 
will increase the use of rats for studjdng vari- 
ous phases of the hjiDertension problem. If 
rats of different ages are to be used it should 
be remembered that “a tendency to a slight 
rise in blood pressure with age" has been 
noted.® It was the scope of the following 
investigations to establish accurate data which 
the literature does not provide. 

Rats of the Long-Evans strain were kept 
on Friskies and water. The blood pressure 
was measured in unanesthetized, unheated 
animals with the foot method described by 
Kersten. Brosene, .Ablondi and SubbaRow.’ 
Readings obtained about 1 minute apart in 
the same animal rarely differed more than 
±: 3 mm Hg. 

Fig. 1 shows that the systolic blood pres- 

‘ Aided Ijy .i grant from the Life Insnraneo 
Mcdieal Research Fund. 

1 KersJen, It.. I!ro?cne, tV. G., .Ir., Ablondi. F.. 
and PubliaRow, Y., J. Lah. and Clin. Med., 1947, 
:t 2 , lopfl. 

- Ablondi, F.. Subbaliow, V„ Lipelmc}:, 1,., and 
Persfincns, G., .J. Lah. and Clin. Mrd., 1947. SKI, 
1099. 

a Griflin, .Tohn A., and Farris, E, .1.. The Rat in 
Kabnratnry Inve.stipation, .T. It. Lippinrott Co., 
Fhiladelphia Montreal-I.ondon, 1949, p. 9SG. 

i An appar.-itns was ol'tained from the I,ed€-rle 
Eaboratories Division, .\nierican Ovanamid Coni- 
panv. ttirmicli tiio courtesy of the late Dr. Y. 
trnbbal'ow. 
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iSystolic blood pressure in rats of different 
weights and ages, 

sure increases with age in the growing rat. 
Within the first 2 months up to a weight of 
1 50 g the pressure increases rapidly. A slow- 
er. but still progressive rise is noted in rats 
weighing 200 to 350 g. 

The age conditioned differences in the sys- 




190 


Massu'e Intra\'enous Estrogen in Humans 


respiration and blood pressure were recorded 
before, during and after the infusion. Blood 
samples were drawn for estrogen bioassay just 
prior to the beginning of the infusion, at the 
conclusion of the injection, and at stated in- 
tervals throughout the subsequent 8 to 24 
hours. The drawn blood was permitted to 
clot and the serum promptly prepared. 

The estrogen content of the sera was deter- 
mined by a modification of the uterine weight 
method of Lauson et alS’ Twenty-one day- 
old female rats of the N.I.H. or Holtzman 
strain were ovariectomized and were given the 
proper dilution of serum in 0.25 cc twice daily 
for 2 days. Twentj"- hours after the last in- 
jection the test animals and uninjected con- 
trols were autopsied, the uterus dissected out, 
freed of fluid and weighed to the nearest 
milligram on a Roller-Smith torsion balance. 
The estrogen content of the patients’ sera was 
calculated on the basis of the activity of an 
aqueous dilution of the same preparation of 
conjugated estrogens that had been employed 
for the clinical studies. Duplicate and mul- 
tiple determinations at various levels have 
indicated an approximate error of 10% in our 
estrogen bioassaj's. 

Results and discussion. The clinical re- 
action of 67 infusions of from 100 to 400 mg 
each was observed. All but 3 infusions were 
attended by no subjective reactions on the 
part of the patient. One patient (J.D.) who 
had received 200 mg complained of nausea for 
6 hours following the injection. Another pa- 
tient (hl.M.) who had received 350 mg suf- 
fered a mild chill necessitating the discontinu- 
ation of the infusion. The third patient 
(N.H.) who was in a badly debilitated state 
from advanced metastatic breast cancer and 
hjTiertensive heart disease died shortly after 
the administration of 400 mg of conjugated 
estrogens. The terminal clinical picture simu- 
lated that of cerebrovascular accident. Care- 
ful autopsy examination, including study of 
the brain, revealed no apparent basis for this 
patient’s death. In view of her general debil- 
ity and the total lack of reaction on the part 
of other patients to identical treatment, it 
mav be considered that her death was not 

■ 5 Lauson, II. !>., Go’'’”"- 

Sevoringhnus, E. E., 1939 , 2-1, 3... 


causally related to the estrogen administra- 
tion. 

The pulse, temperature, blood pressure and 
respiration in the remaining cases were not 
significantly affected. The apprehension at- 
tendant upon the venipuncture induced a 
slight but transient rise of blood pressure in 
some cases, particularly upon the first in- 
fusion. This momentary effect subsided rap- 
idly and in most cases was not observed dur- 
ing subsequent infusions. Hyperpyrexia was 
obser\’ed only in the one patient (jM.hl.) who 
had e.xperienced a reactive chill. 

On the whole, the infusions were remark- 
ably well tolerated in spite of the veiy high 
doses employed. Moreover, it should be 
noted that most of our subjects were all bed- 
ridden, debilitated individuals 'with advanced 
cancer of the breast or prostate and even 
greater tolerance might be anticipated from 
patients in better general clinical condition. 

The blood levels of estrogen attained imme- 
diateh^ following the infusion varied from 
17.6 to 48 fig per cc and rapidly dropped off 
to negligible levels in most cases after 8 hours. 
This indicates a fairly ready diluticn of the 
estrogen in the blood and a rapid removal 
therefrom. Studies on the urinarj' e.xcrction 
and metabolic fate of the injected estrogen 
will be reported subsequentlj\ 

These preliminary observations indicate the 
feasibility of procuring an inordinateh’ high 
blood level of estrogen in a short time. The 
quantitative data will permit an estimate of 
the rate of estrogen infusion which ma\’ be 
required for the maintenance of such levels 
for longer periods of time. The potential 
usefulness of such intensive estrogenization in 
patients with prostatic and breast cancer re- 
mains to be determined. IVc have noted no 
material clinical effect on the malignant 
process from the limited number of infusion.s 
thus far administered. The evaluation of 
such potential effects will require more pro- 
longed periods of sustained treatment and 
observation. 

Summary. Thirteen female and 9 male 
subjects have been given a total of 67 intra- 
venous infusions of from 100 to -100 mg of 
conjugated natural estrogens di.ssoh'cd in 209 
cc of normal saline. In the main, these in- 
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TABLE I. 

Ten Normal Marrows Studied !>;■ the Err Technic. 



Fields ■with megakaryocytes 

Fields -without megakaryocytes 



r 

Tlirombocytes 
per 100 

megakaryocytes 

Clumps of 
thrombocytes 
per 100 meg. 

Thrombocytes 
per 100 fields 

Clumps of 
thrombocytes 
per 100 fields 

Vcot 

meg. with 
thrombocytes 

Arca.s ■with structure 
Areas rvith no 

3S" 

16 

369 

8 

25 

structure 

1496 

24 

887 

8 

65 


TABLE II. 

Four Cases of Idiopathic Thromhocytopenic Purpura Studied by the Dry Technic. 


Fields with megakaryocytes Fields ■without megakaryocj'tes 



r 

Thrombocytes 
per 100 

megakaryoc 3 -tes 

1 / 

Clumps of 

thrombocytes Thrombocytes 
per 100 meg. per 100 fields 

•\ 

Clumps of 
thrombocytes 
per 100 fields 

%of 

meg. -^vith 
thrombocytes 

Areas with structure 

nil 

Presplcncctomy 

nil 

nil 

nil 

nil 

Areas -with no 
structure 

9 

nil 

7 

nil 

nil 

Areas with structure 

36 

Postsplenectomy 

nil 

13 

nil 

o 

Areas with no 
structure 

1117 

12 

475 

nil 

59 


ond syringe that had been washed out with 
sodium citrate was used to aspirate a second 
sample of marrow, the further steps being 
those just described. 

Dry method. The puncture was performed 
as before. perfectly dry needle was used 
and a drj- syringe attached to it. A sample 
of marrow, usually 1 cc or less, ■was rapidly 
aspirated. A small amount was then quickly- 
expressed through another needle on to a 
clean cover slip. Excess fluid was withdnrwn 
by means of the syringe, and the film was 
spread by means of a second cover slip. The 
films were stained with Wright's stain, and 
mounted on glass slides. 

Ten normal marrow films made by the dry 
tedinic were first studied. Regardl^s of the 
technic used, it is common to find areas in 
which there is some preservation of marrow 
structure; fat spaces may be seen in many 
instances, although at other times there is 
merely a large aggregation of cells which can 
be observed with the naked eye. There are 
also other areas in which the cells lie quite 
free as in a blood film. The percentage of 


megakaryocytes that showed budding in areas 
■vdth marrow structure and in areas without 
such structure were estimated separately'. In 
addition, each time a megakaryocyde was en- 
countered, another field 3 oil immersion fields 
distant from it n-as studied, and the number of 
thrombocytes contained therein was enumera- 
ted. Sometimes it was possible to count in- 
dividual thrombocytes. At other times they 
had to be counted as clumps. In the normal 
marrows, a total of 100 megakaryocy'tes was 
e.xamined in areas nath marrow structure, and 
100 in areas without such structure. In the 
other films it was possible to examine 25 
megakaryocytes in each such area, and in 
some marrows, where budding ivas scanty, 
larger numbers of cells were used. Budding 
■n-as recorded as being present when it ap- 
peared to be fairly definite, but this is a 
matter about which there may be divergence 
of opinion between different obser\-ers. The 
mere presence of megakaryocytes and throm- 
bocytes in the same field was not considered to 
indicate true budding. The findings obtained 
by the dry technic in ten normal marrow speci- 
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tolic blood pressure in the rat are of a mag- 
nitude which deserves attention. A pressure 
of 120 mm Hg, normal for a rat weighing 300 
to SOO g, is definitely hypertensive for a rat 
weighing less than 100 g. 

The blood pressure in man increases in the 
corresponding age groups of infancy and early 
childhood in a similar fashion.'*-® The consid- 

4 Graham, Archibald W., Hines, Edgar A., Jr., 
and Gage, Eobert P., Am. J. Hi.?. Chikl., 1945, 69, 
203. 


eration of this fact is common practice in 
pediatric experience. 

Su7nvtary. The systolic blood pressure has 
been recorded in 100 unanesthetized, unheat- 
ed rats of various ages. It increases ■with 
weight and age and normal ralues were es- 
tablished. 


5 Downing, Elizabeth M., Am. J. Dis. ChUi., 
1947, 73, 293. 

Eeceived August 11, 1949. P.S.E.B.M., 1949, 72. 


Budding of Thrombocytes from Megakaryocytes.* (17375) 

Ronald H. Girdwood.! (Introduced by C. C. Sturgis.) 

From the Thomas Henry Simpson Memorial Institute for Medical Research, Ann Arbor, Mich. 


It is now generally agreed that the mega- 
karyocyte is the source of the thrombocyte.* 
Dameshek and Miller- discuss the changes 
that occur in the marrow in idiopathic throm- 
bocytopenic purpura. The latter authors 
found that, in the marrows of 10 normal sub- 
jects, an average of 68.6% of the megakaryo- 
cytes showed thrombocyte budding. Cart- 
wright and associates® found thrombocyte 
budding in 75% of megakaryocytes in normal 
marrows. In a recent study of bone mar- 
row films made by the citrate technic, as de- 
scribed below, from 12 patients 'wfth idiopath- 
ic thrombocytopenic purpura before opera- 
tion, it was found that 0.14% of the mega- 
karyocytes showed evidence of thrombocyte 
budding. Eighteen postoperative films, made 
at varying intervals after operation on 10 
of these patients showed thrombocyte bud- 
ding from 9.2% of megakarjocytes. When the 
bone marrows of 7 normal control patients 

* The author is glad to acknowledge the assist- 
ance of Dr. C. C. Sturgis and Dr. P. H. Betbcll in 
providing the facilities for the carrv-ing out of 
this study. 

t EockefeUor Travelling Ecscareli Fcllow.^^ 

1 Tocantins, L. M., Medicine, 193S, 1<, 155. 

2 Dameshek, W., and Miller, E. B., Rlood, 1940, 

^’s^Cartwrlght, G. E., Omug, Ilni-Lan, and Cl.ang, 
An, Flood, 394S, 3, 249. 


Muthout hematological abnormality were ex- 
amined, however, thrombocyte budding was 
seen in only 0.43% of the megakarj'ocytes. 
This discrepancy in the results obtained in the 
normal suggested that the differences might 
be due to variations in the technic used. Since 
■the routine method for making bone marrow 
films in this Institute involves the use of a 
dry syringe, further investigations were car- 
ried out on material obtained here in this 
way. 

Methods. Citrate method. The puncture of 
the sternum was performed with a Salah 
needle introduced at the level of the third or 
fourth intercostal space. The syringe and 
needle w-ere first washed out with sterile 3.8% 
solution of sodium citrate, and aspirated 
material, usually 1 cc or less, was e.xpressed 
on a watch glass whicli also had been rinsed 
with sodium citrate. Flecks of marrow were 
genth' lifted wfth tweezers, and placed on 
carefulh' cleaned glass slides. They were then 
spread by means of another glass slide which 
was laid on top of the marrow flecks and slid 
rapidly across the surface of the first slide. 
The marrow films were dried in air. In the 
investigations referred to above, -M.iy-Grun- 
wald-Gienisa stain had been u.'ed. In the 
investigations described below, Wright’s stain 
was used, and the technic difiered in that, 
following aspiration ivitli a drj- syringe, a see- 



Budding of Thrombocytes from Megakaryocytes 


195 


mens are shown on Table I. 

Marrow aspirates obtained before and after 
splenectomy in four cases of idiopathic 
thrombocj’topenic purpura were studied by 
the dr>’ technic (Table II). In the peripheral 
blood, the thrombocytes were extremely few 
before operation. In 3 of the patients mar- 
row films were made soon after splenectomy 
when the thrombocyte level w^ normal, and 
in the fourth case, the second puncture was 
made 3 years after operation at a time when 
the thrombocjdes were recorded as being nor- 
mal. Estimates of thrombocjde numbers 
rather than actual enumeration were employed 
because it is considered at this Institute that 
too much significance is apt to be attached to 
variations in the thrombocyte count which 
may, in fact, be due to technical factors or to 
differences in distribution of thrombocjdes. 

Sternal aspirations were performed on 5 
patients with hematologic disorders and films 
were made by both dry and citrate methods. 
The results of the e.\amination of the prepara- 
tions are shown on Table III. 

Discussion, There is obviously a verj' great 
difference between the results of thrombocyte 
counts on marrow aspirate obtained by the 
dry technic and that secured with the citrate 
method. It n-ill be seen from Table III that 
there is less difference in areas where the 
marrow structure is preser\’ed. 

It would appear that when sodium citrate is 
used to flush out the s\Tinge with which the 
sternal puncture is to be performed, many 
thrombocytes are removed from the marrow 
sample, and that this removal of thrombocytes 
is most marked in areas where the marrow 
structure is not intact. It might, therefore, 
be argued tliat the correct estimate of throm- 
bocyte budding can be made only when a 
dry .syringe is used. The figures given in 
Table III, however, indicate that even when 
this method is employed, the results arc open 
to que.siion, because here the estimates may 
be equally fallacious. When the thrombo- 
cyte count i.s high in the peripheral blood, one 


would expect that their number would also be 
increased in the marrow and in the blood 
which inevitably dilutes the marrow sample. 
The thrombocytes are sticky, and under the 
conditions of sternal aspiration one would ex- 
pect them to adhere to one another and to the 
megakarj'ocyles, the largest cells which they 
encounter. Hence, it it would seem that 
counts performed with the drj' technic are 
also inaccurate since much apparent thrombo- 
cyte budding is due to chance juxtaposition 
and adhesion of the sticky thrombocytes to 
the megakarj’ocjde. The estimate that is 
likely to be most valid is that made from areas 
with definite marrow structure. Even here, 
however, fields without megakaryocytes may 
contain an equal number of thrombocytes, and 
so it is not possible to say with certainU' that 
in the normal marrow the number of megakar- 
yoc 3 ’tes that show budding is as high as 25 per 
cent, hlarrow structure is less well preser\-ed 
when the citrate technic is used and it would 
appear that this method is unsatisfactorj’’ for 
investigations concerned with the budding of 
thrombocj'tes from megakaryocytes. 

Summary. M’hen marrow aspirations are 
performed using a syringe flushed with sodium 
citrate, a false impression is obtained of the 
amount of budding of thrombocj’tes from 
megakarj’ocytes because many thrombocytes 
are washed away from the parent cells. 

tlTien a dry technic is employed, the results 
are equally inaccurate because thrombocytes 
that b\- chance are in juxtaposition with mega- 
kar\’oc\1es maj- stick to them and appear to 
be arising from them. 

When aspirated marrow samples are used, 
the best indication of the extent of budding is 
obtained when a dry technic is used, and ex- 
amination of the marrow is limited to areas 
of the film that have definite marrow struc- 
ture. It is probable that less than twent\’-five 
per cent of megakarj’ocytes in the normal 
marrow show true budding at any one time. 

Roppivfit .VuRU'Jt 10, 1040. P.P.E.B.M.. 1040, 72. 
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TABLE!. 

Experiment irith Selcnitim (Sodium Selenite, SS).* 
Ten animals in eacli series. 


Drug administered 

Sex and method Dosage (mgA'g) Survival time (days) 

9 S.S.-(I.P.) 5 All survived 

„ J J ^ 7 J 77 

S ” 10 Avg— 10 

^ ” 10 Avg — G 

E.xperimcnt Tvitli BAL (British Anti-Lewisite) 

9 BAL-(I.M.) 15 All survived 

A 7 7 -1 r ! 1 1 5 


* Age of all rats used, C wX-. 


T^VBLE XL 

Experiment with BAL and Selenium.* 


Xo. of animals 
and sox 

Drug adminisfcreiJ 
and method 

Dosage (mg/fcg) 
BaL SS 

Survival time 
days (avg) 

8 9 

BAL (I.>r.) -f SS (LP.) 

15 

5 

10 

8 5 

fi 

15 

5 

f) 

8 9 

fj 

7,5 

5 

C 

S 3 

fj 

7.5 

5 

5 


(t-sinij same animnl after 

20 dnvs on 

B.VL). 


10 9 

BAL (IM.) -f- SS (LP.) 

io 

5 

3 

10 5 

ff 

15 

5 

3 


* Age of all rats used, C wX-. 


a survival time of Syi days ranging from 5 
to 6 days (Table II). Microscopic e.vamina- 
tion of the liver showed no pathology but the 
fcidnet'S e.vhibited a tubular necrosis. 

2. Pre-treatment with B.-VL. Rats were 
pretreated 20 days with B.AL, 13 mg/kg. On 
the 21st da_v and days after for as long as 
the}' lived, 5 mg/kg of SS was administered 
simultaneously with 15 mg/kg of B.\L. The 
average survival time in this combined treat- 
ment was 3 days (Table II). Alicroscopic 
e.vamination of the liver was normal but the 
kidney again e.vhibited moderate necrosis 
(Fig. 2). 

Disnissio/t. \Mien SS was used alone a 
t} 7 iiad toxic picture was noted.® The livers 
of the.se animals were necrotic and showed 
moderate to severe fatty degeneration. 

B.-\L alone did not produce any untoward 
re.sults in our e.xpcrience although Durlacher 
ct al:' reported toxic reactions in mammals 
from the doses we used. The results of the 
combined doses of B.-\L and selenium led to a 
marketi decrease in the survival time of the 
animals treated. This finding corre-sponds to 

''Smitli, .M. I., Striihlman, E. F.. .ma Lillie, 
B. D., J. FXdrm. <111(1 Krp. Tlirnip., IPST, GO, 440. 


the report of Braun, Lusky, and Calvery.^ 
However, these investigators did not report 
any microscopic e.xamination of the liver and 
kidney. 

In our work, careful e.xamination of the 
liver and kidney showed that, contrary to the 
usual findings in SS poisoning, there were no 
abnormalities in the liver tissue although the 
animals died rapidly. This might be regarded 
as due to the short surx’ival lime but it was 
noted that animals treated with SS alone for 
a period of 4 to 5 days did show the beginning 
of liver necrosis. 

The results of our e.xperiments would seem 
to indicate that the liver damage and death 
produced by SS may be entirely separate 
phenomena. ,-\s exndence in support of this 
contention B.-\L plus SS decreased the sur- 
vival time of all animals as compared to those 
receiving SS alone. However, B.-\L protected 
SS animals from the liver damage usually pro- 
duced by SS. 

Seemingly. B.AL does not antagonize the 
total toxicity of SS as it does other metals. 
However, it appears fair to propose that cer- 
tain SH groups furnished by B.-\L prevent the 
liver damage caused by SS but are incapable 
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Administration of BAL* in Selenium Poisoning.! (17376) 

J. B. Belogoesky and Donald Slaughtee. 

From the Department of Physiology and Pharmacology, University oj South Dakota School of 

Medicine, Vermillion. 


Selenium causes “alkali disease” or “blind Our experiments performed using BAL as 
staggers” in livestock in the Dakotas, Kansas, an antagonist against selenium poisoning con- 
Montana, Wyoming, and other Western States firmed the results already described.^ How- 
where the soil and vegetation are high in ever, we have found no explanation in the 
selenium content. Therefore the toxic prop- literature of the apparent synergism between 
erties of selenium and its compounds are of BAL and selenium, hence our work has been 
great importance in these areas. directed along this line. 

As far as we know, there is no reliable Experimental. Healthy w'hite rats 6 to 8 
agent which is of value in preventing or curing weeks old, 120 and 150 g of weight were used, 
the symptoms of selenium poisoning, though Selenium was administered by intraperitoneal 
protective action of arsenic has been demon- injections in the form of a freshly prepared 
strated by Moxon aqueous solution of sodium selenite (SS). 

Peters, Stocken, and Thompson- described Intramuscular injections of BAL freshly dis- 
the effectiveness of BAL in counteracting the solved in peanut oil were used. Each drug 
effects of arsenical poisoning. The protective was administered daily for varying lengths of 
action of this compound in arsenical poison- time. 


ing was believed to be due to the release of 
SH groups by BAL which could compete with 
the tissue SH groups for the arsenic, and act 
as a detoxifying agent. The nature of the 
reaction between arsenic and BAL made it 
seem probable that BAL would react similarly 
with other metals, and Gilman, Allen, and 
Philips^ have reported its effectiveness as an 
antidote for bichloride of mercury and cad- 
mium poisoning, and Braun, Lusky, and 
Calvery^ showed similar results against poi- 
soning by antimony, bismuth, chromium and 
nickel. However, they demonstrated that 
lead and selenium were made more toxic by 
BAL. 


A. Toxicity of selenium. The toxicity of 
selenium was determined by injections of 
(SS) in daily doses of 5 mg/kg of body 
weight. (This is equivalent to 2.2 mg of the 
element selenium). The animals were main- 
tained on this regimen for a period of 28 days 
at which time they w’ere sacrificed and the 
livers were examined for any possible path- 
ology. All rats survived the full e.xperimental 
period. (Table I). Microscopic e.xamination 
showed a tyToical picture of liver necrosis and 
fatty degeneration (Fig. 1) as previously de- 
scribed by other workers.'^ Microscopic ex- 
amination of the kidney w’as negative. 

B. Toxicity of BAL. In this group all rats 


* BAL was kindly supplied Uy Hynson, Westcott 
and Dunning, Inc., of Baltimore, Md., and the 
Army Medical Center, Bctliesda, Md. 

t A preliminary report was presented at the 
Beder-ation of American Societies for Experi- 
mental Biology in Detroit, Slich., April 1S-..2, 


1949. 

lEhian, M,, and ISIoxon, A. L., J. Fharm. and 


Dxp. Therap., 1943, 78, 249. 

2 Peters, E. A., Stocken, L. A., and Thompson, 
B H. S., Nature, 1945, 156, 61C. 

■’s Gilman, A., Philips, P. S., Allen, E. P., Koelle, 
B S J Fharm. and Fxp. Therap., 194C, 87, S5. 

■4 Braun, H. A., Lusky, L. M., and Calvery, H. 0., 
J. Fharm. and Exp. Therap., 1940, 8., 119. 


surtdved for the e.xperimental period after 
receiving BAL in doses of 13 mg/kg of body 
weight. (Table I). Liver and kidney showed 
no abnormalities. 

C. Toxicity of SS and BAL. 1. Combined 
treatment with BAL and SS. Rats injected 
simultaneously with B.AL and selenium, IS 
mgAg and 5 mg/kg, respectively, had an 
average survival period of 8 days ranging 
from 6 to 10 days; those receiving doses of 
7.5 mgAg B-'^L and 5 mg/kg of selenium had 

CDurlachcr, S. II., Bunting, If., Harrison, H. E., 
Ordway, N'. K., and AIhrink, W. S., J. Fharm. and 
Exp. Therap., 1940, 87, 2S. 
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establishment of a 24-hour fast as the standard 
procedure, in which food is removed from the 
cage in the morning and the animals used the 
next morning. Considerable data have been 
accumulated on this preparation, and it will 
continue to be a very useful acute one. How- 
ever, one great disadvantage of such a pro- 
cedure is that it should not be repeated within 
a week if the animals are to be maintained in 
good condition. This restriction makes it im- 
possible to study in each animal the time-cur\'e 
of response to an e.xperimental procedure and 
when used chronicallj'' over a period of weeks 
may seriously debilitate a high proportion of 
the rats. 

Since rats learn readily, it was considered 
feasible to attempt to train them to consume 
their food from S to 10 P.il., so that they 
would be post-absorptive 15 hours later, 1 
P.H. on the following day. 0.x\'gen consump- 
tion or other metabolism studies could then 
be made from 1 to 5 p.m. m'thout in anj^ way 
interfering with the 5 to 10 feeding period for 
that day. The findings fulfulled the e.xpec- 
tations. 

Experimental. For most work in this 
laboratory’, 4 adult rats are kept in a metal 
cage 20" x 16" x 12". The food, in checkers 
about l" X l" X ^4" (Purina Dog Chow, 
Purina Laboratory’ Chow, Rockland Rat 
Diet), is fed from metal containers noth the 
front and bottom out of Y\" mesh hardware 
cloth. The animals have no trouble biting 
off pieces of about yY' to y in diameter, 
which they immediately eat from their own 
forepaws. These food checkers have also been 
ground to pass a 16 mesh screen and tliis fed 
from two open-top, cup-tjpe containers per 
cage with equally satisfactory’ results, .^fter 
removing the food containers, one should 
.‘search the sawdust, paper strips, or other 
litter used on the floor of the cage for any 
stray jiieces of food whicli could be consumed 
by the rats after the 10 P.M. deadline. 

O.xygen consumption measurements were 
made in a modified Benedict 4-unit closed-cir- 
cuit apparatus. 

Results and discussion. Twelve male and 
12 female rats were placcel on the feeding 

l lli'ncilirt, r. G., . 7 . XiitnUim, I'.I.IO, ;I, 101. 



Fig. 1. 


Body weiglit cliange.s in r.ats placed on u-Iiour 
feeding regime at 120 day.s of .age. 



Growth curves of rats placed on ii-Iiour feeding 
regime upon weaning at 31 d.ays of age. 


routine outlined when 120 day’s of age. while 
an equal number of littermate controls were 
kept on ad lib feeding. Fig. 1 reveals tliat 
these young adult animals were able to main- 
tain their body weights after a preliminary’ 
period of about 2 weeks for adjustment to 
the schedule. Body weight measurements are 
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Fig. 1, 

Eat liver: Typical focal necrosis and fatty de- 
generation follondng the administration of se- 
lenium in doses of 5 mg/kg for 10 days. 

of completely detoxifying the actions of SS. 

It is now evident that BAL diminishes the 
toxicity of selenium for certain vital tissues 
and enhances the toxicity of the metal for the 
kidnej\ This corresponds to the findings of 
Gilman et al.^ who showed that cadmium be- 
comes nephrotoxic with BAL. There are now 



Fig. 2. 

Eat liver: No abnormalities, follouang simul- 
taneous administration of BAL 15 mg/kg and SS 
5 mg/kg for 10 days. 

evidently two such metals that have this 
property. 

Our thanks are due Doctor E. L. Ferguson, 
Professor of Patliology, for reporting tlio micro- 
scopic findings in this paper. 

Bcceived August 11, 1949. P.S.E.B.iM., 1949, 72. 


A Limited Feeding Regime for Rats.* (17377) 

S. B. Barker. 

From the Deparlment of Physiology, State University of Iowa, Iowa City. 


For the past 5 years, a rat feeding regime 
has been in use by this laboratory which has 
proved so helpful under varied circumstances 

* This investigation vas supported in part by a 
grant from the Division of Eesearch Grants and 
Felloivships, National Institutes of Health, U. S. 
Public Health Service. 


as to warrant this brief presentation. In carry- 
ing out metabolic research, some baseline of 
activity is needed. The definition of the “post- 
absorptive condition” has met this need in 
the human and dog, essentially daytime 
animals. However, the nocturnal feeding 
habits of the laboratory rat have led to the 
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Effect of Chronic Administration of Mercurial Diuretics on Glomerular 
Filtration in the Dog.* (17378) 

Careoll a. Handley, Rolland B. Sigafoos,' Jane Telford, and IMarguerite 

La Forge. 

From the Departvicnt of Pharmacology, Baylor University College of Medicine, Houston, Texas. 


The acute toxic effects of mercurial diur- 
etics on the heart -when administered intra- 
venously are vrell known.^“* Recent reports 
on Thiomerin, the di-sodium salt of N ( 7 -car- 
box>'methylmercaptomercuri, /?-methoxy) pro- 
P3'l camphoramic acid, have stressed the low 
cardiac'*'*’ and local' toxicitj*' when this mer- 
curial diuretic is administered subcutaneously. 
Enthusiastic support has been given by several 
authors*’*^^ for clinical use of this drug on 
cardiac patients. 

In the following report, we have determined 
the effect of 3 mercurial diuretics, Thiomerin, 
meralluride (Mercuhj'drin) , and mersalyl- 
theophylline (hlerthyl) on glomerular filtra- 
tion rate in the dog when these compounds are 
administered intravenously in comparable 
daily doses. 

Methods. Control creatinine clearances were 

* This investig-ition w.-is supported in part by a 
grant from The Lakeside Laboratories, Inc. 

t Present address : Lt. Ck)l. R. B. Sigafoos, M.C., 
Station Hospital, Fort Clavtou, Canal Zone. 
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determined on each trained unanesthetized 
adult female dog one hour after hydration with 
40 cc/kg of water b}* stomach tube. Creatin- 
ine determinations were performed bj*’ the 
method of Folin and \Vu.^ A series of 10 
dogs were tested with Thiomerin, nine with 
Mercuhydrin, and 5 dogs were given IMerthyl. 
The diuretics were administered intravenous- 
Ij' in a dosage of 0.1 cc/kg/day (0.39 mg 
Hg/kg/day) for a period of 21 to 28 daj*s. 
Creatinine clearances were determined at 
weekly intervals during the test period and in 
some instances were continued for one or two 
weeks after drug administration bad been dis- 
continued. In addition, mercury e.xcretion de- 
terminations were made on three dogs of the 
Thiomerin series. 

Results. Comparison was made of weeklj' 
changes in creatinine clearances of the dogs 
in each drug series. These changes were cal- 
culated in terms of percentage increase or re- 
duction in the weeklj* creatinine clearance of 
each dog as compared to its control clearance 
level (Fig. 1 , 2 and 3). It was obseiwed that 
the creatinine clearances in many of the test 
animals were significanlh' reduced at the end 
of the third week of drug administration. 
However, there was noted a distinct trend to- 
ward return to the control clearance level dur- 
ing the recovery period in those animals which 
were followed for one or two weeks after the 
drug administration was discontinued. 

Comparing the mean percentage changes 
from the control clearances of the dogs in 
each series indicates that in the third week 
Thiomerin produced a significanth* greater 
reduction of creatinine clearance than the 
other mercurial diuretics tested (Fig. 4). 

Evidence of toxicitj’ from the mercurial 
diuretics developed earlj’ in some of the test 
•animals. Three dogs in tlie Thiomerin series 

lU Folin, O., nnd Wii, H., .7. Ilwt. Chetr., 1919, 
SS, SI. 
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Rat Feeding Regime 


TABLE I. 

Metabolic Bates of Eats Fasted 24 Hours and of 
Eats on Special Feeding Eegime. 



cc O 2 /IOO g/hr 

24-hr fast 

% 

special regime 

28 $ 

100.9 

101.3 

20 2 

102.8 

102.7 

Avg of all 48 

101.7 ± 4.GG* 

101.9 -+- 4.82* 


* Standard deviation. 


probably more accurate ■when taken in the 
afternoon on this regime than on ad lib feed- 
ing, since occasional animals in the latter 
group eat during the daytime. 

■ Even weanlings placed on the 5-hour feed- 
ing can eventually match the growth curves of 
littermates fed ad lib, as is shown in Fig. 2. In 
this experiment, groups of eight rats were 
weaned at 31 days of age from their mothers 
to ground rat food, available either ad lib or 
between 5 and 10 P.M. In these instances, 
the considerably longer time of nearly 2 
months was required for complete readjust- 
ment, probably because of the increased re- 
quirements imposed by growth. Similar data 
are available for weanlings given their food in 
checker form. 

Metabolic rates were compared in 48 adult 
rats, first after the conventional 24-hour fast, 
and then 3 to 6 weeks after being transferred 
to the limited feeding period regime. Table I 
shows that the two sets of oxygen consump- 
tion data were essentially identical. No ap- 
paratus was available for determining CO 2 
production, so no R.Q.’s have been obtained 
for comparison. One would anticipate lower 
values after the extra 9 hours without food. 

Although not shown ibecause the results 


were not significantly different from those 
already discussed, 24 adult rats were trained 
to eat from noon to 5 P.M. so as to be ready 
for metabolism determinations at 8 A.M. on 
the next day. Even this remarkable alteration 
of habits, which essentially made daytime 
animals out of nocturnal ones, was successful- 
ly met. 

Tepperman et al.~ and Dickerson et al? 
have sho-wn that shortening the daily feeding 
time of rats to one hour resulted in such a 
distorted appetite in relation to caloric needs 
that the animals became obese. No such alter- 
ation in eating pattern has ever been obsen'ed 
in our animals. One may conclude from this 
that 5 hours’ feeding time places no strain on 
the rat’s ability to satisfy its appetite. No 
attempt was made to determine whether any 
of the alterations in carbohydrate metabolism 
noted by these authors could be sho'wn to 
exist in our animals. 

Summary. It has been found possible to 
train rats to eat their usual amounts of food 
in a 5-hour period, between 5 and 10 P.M. 
Fifteen hours later, at 1 P.M. on the follow- 
ing day, the animals are in a post-absorptive 
condition, prepared for a variety of metabol- 
ism studies. 

The animals can be maintained indefinitely 
on this regime and the debilitating results of 
repeated periods of fasting for 24 hours can 
be avoided. 

- Tepperm.in, J., Broteck, J. E., anil Long, C. 
N. H., Yale J. Biol. Med., 1943, 13, 855. 

3 Dickerson, V. C., Tepperm.in, J., and Long, C. 
N. H., Yale J. Biol. Med., 1943, 15, 875. 

Ecceived August 15, 1949. P.S.E.B.M., 1949, 73. 



IMercurial Diuretics ox Glomerular Filtration* 

THE EFFECTS OF MERCURIAL DIURETICS ON GLOMERULAR FILTRATION 



TIME IN WEEKS 
( DRUG DISCONTINUED) 

figure 3 MERTHYL FIGURE4 MEAN CLEARANCE REDUCTIONS' 

in the animals given the otlier two drugs. We Summary. jMercurial diuretics administered 
also noted that by the third week of drug intravenously in chronic dosage to dogs re- 
administration, the creatinine clearances of the duced the glomerular filtration rate as meas- 
Thiomerin dogs were reduced to a greater e.x- ured by the creatinine clearance. This re- 
lent than those of Uie dogs in the Mercuhydrin duction in glomerular filtration rate was found 
and Merthyl series. Special care was taken to be temporarj^ in most dogs that did not 

to use solutions of Thiomerin which were kept have severe symptoms of mercury' poisoning, 

refrigerated and not over 4 days old. Thiomerin, when administered intravenous- 

Dma obtained from mercuiy avcretion de- jy in comparable chronic dosage to the dog, 

terminations of 3 Thiomerin dogs suggested ■^vas found to be of higher toxicity than either 

that the e.xcretion of the drug is not as rapid Mercuhydrin or ^lerthyl, as indicated by re- 

or complete as with other mercurial diuretics, duced creatinine clearances, and other signs 
In the few studies conducted, the dogs that of mercurv poisoning. 

showed symptoms of mercur%' poisoning also I _ 

showed a delayed e.\cretion of mercury. Rocoivcil Aufrusf 15, into. I’.S.E.B.M., iniP, 72. 
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Mercurial Diuretics on Glomerular Filtration 

THE EFFECTS OF MERCURIAL DIURETICS ON GLOMERULAR FILTRATION 




TIME IN WEEKS 
( DRUG DISCONTINUED) 

FIGURE I MEBGUHYORIN FIGURE 2 THIOMERIN 

(T-3, T-8, and T-10) developed a severe periments was chosen because it gives satis- 
stomatitis in the first week of drug administra- factory diuresis in the dog for a period of 
tion. Stomatitis did not occur in the dogs of 4-6 hours. When administered subcutaneous- 
the Mercuhydrin or Merthyl series. Moderate ly, a variable amount of mercury may be re- 
to severe diarrhea occurred in 4 Thiomerin tained at the site of injection by local tissue 
dogs (T-4j T-S, T-8 and T-10) and none combination, therefore the diuretics were 
appeared in the Mercuhydrin and Merthyl given intravenously. 

dogs. Severe dermatitis with generalized loss In general, evidence of mercurial poisoning 
of hair developed in two Thiomerin dogs (T-6 was accompanied or heralded by an early re- 
and T-7) and in one Mercuhydrin dog (M- duction of the creatinine clearance. It would 
8). One Thiomerin dog, not included in the appear that the reduction in the glomerular 
series, died on the seventh day and tnx» other filtration rate is a temporary'^ manifestation if 
Thiomerin dogs (T-8 and T-10) died on the the drug is discontinued before irreparable 
8th day with evidence of severe mercurial renal damage is produced. In the dogs that 
poisoning. A fourth Thiomerin dog (T-fi) had only mild signs of mercury poisoning, the 
died with acute pulmonary edema four days creatinine clearance returned to normal one 
after the drug was discontinued. One of the or two weeks after discontinuing the drug. 
Mercuhydrin dogs (M-6) died on the seventh It appears that Thiomerin is more to.vic than 
day of apparent acute cardiac toxicity im- either hlercuhydrin or Merthyl when tested 
mediately following intrayenous injection of in this manner. Our opinion is based on the 
}h drue No deaths occurred in the Merthyl observation of evidence of mercury poisoning 
tneo g- such as stomatitis and diarrhea which occurred 

dJcwtw-’. The dose employed in these ex- more frequently in the Thiomerin dogs than 
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TABLE I. 


Mixtures of eanarr and lien rrliole bloods (Cr= canary H- 

=:bcn). 


1/10 C-9/10 H 

5/10 C-5/10 H 

9/10 C-1/10 H 

Trial Xo. 

(birds infected) 

(birds infected) 

(birds infected) 

1 

1/4 

2/3 

4/4 

2 

3/5 

5/5 

5/5 

3 

2/5 

4/4 

5/5 

4 

1/5 

3/5 

3/5 

5 

0/8 

7/8 

S/8 

G 

1/S 

1/S 

5/7 

7 

4/S 

VI 

6/7 

Totals 

12/43 (27<rc) 

20/40 (72^7) 

3C/41 (87%) 


Canarv and hen plasmas alone. 



C plasma 

H plasma 


Trial Xo. 

(birds infected) 

(birds infected) 


1 

0/12 

0/12 


0 

0/12 

0/12 


Totals 

0/24 

0/24 



Canarv plasma alone and ivith Canarv cells. 



Alone 

With C cells 


Trial Xo. 

(birds infected) 

(birds infected) 


1 

0/G 

6/6 


n 

0/G 

C/C 


3 

0/G 

G/G 


4 

0/G 

G/6 


Totals 

0/24 (OSi) 

24/24 (100%) 



Canary plasma with Canarv cells. Hen cells, and both. 


With Cecils 

With H cells 

With C and H cells 

Trial Xo. 

(birds infected) 

(birds infected) 

(birds infected) 

1 

5/5 

0/5 

4/5 

O 

5/5 

0/5 

2/5 

3 

5/5 

0/5 

1/5 

4 

4/4 

0/4 

4/4 

5 

8/S 

0/7 

S/S 

G 

7/7 

0/7 

G/S 

7 

S/S 

0/S 

7/8 

Totals 

42/42 (lOOTc) 

0/41 (0%) 

32/43 (74%) 


Hen plasma with Canarv cells, Hen cells, and both. 


With C cells 

With II cells 

With C and II cells 

Trial Xo, 

(birds infected) 

(birds infected) 

(birds infected) 

1 

4/4 

0/4 

4/4 

2 

4/4 

0/4 

4/4 


4/4 

0/4 

1/4 

4 

4/4 

0/4 

4/4 

Ti 

4/4 

0/4 

4/4 

Totals 

20/20 (lOOrc) 

0,/20 (0%) 

17/20 (S5%) 

Trial Xo. 

Canajy ]>Iasma with Canary white and red cells, separately. 

White cells ' Red cells ‘Plisma alone 

(birds infected) 

(birds infected) 

(birds infected) 

1 

;-/.' 

.3/.7 

0/5 

*- 

5/5 

3/5 

0/5 

3 

5/5 

3/5 

1/5 

4 

5/8 

3/S 

o/s 


•>/ 1 

I/S 

0/8 

Totals 

(03Cr) 

13/.31 141%) 

1/.11 (3%) 

half of whidi was canaiy- plasma and half 

One sm,3ll drop of 

red cells obt.iincd from 

lAKKCS 5()UJUi>n 

cont.aining the sporozoites. 

deep down in the bulb of the pipette iv.as then 
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•Influence of Cells and Plasma on In vitro Survival of Malaria 
Sporozoites.* (17379) 

Harry Beckman. 

From the Department of Pharmacology, Marquette Vuiversity School of Medicine, Mihvaukee. 


It has been shown that the sporozoites of 
Plasmodium cathemerium 3H2, infective for 
the canary but not the hen, retain their in- 
fectivity during several hours in drawn canary 
but not drawn hen blood.^ The present com- 
munication reports investigation of the effect 
of the cell and plasma portions of these bloods 
upon the retention of infectivity. 

Mixtures oj canary and hen whole bloods. 
Infected mosquitoes were ground in Locke’s 
solution and added to the following freshly 
prepared mixtures; (a) one-tenth canary and 
nine-tenths hen blood; (b) five- tenths canary 
and five-tenths hen blood; (c) nine-tenths 
canary and one-tenth hen blood. After incu- 
bation of the blood-sporozoite mixtures with 
gentle agitation at 41.S°C for V/i hours, 
portions representing one mosquito were in- 
jected intramuscularly into canaries, the peri- 
pheral blood of these birds being subsequently 
examined from the Sth to 16th days, inclusive. 
Birds failing to become positive were proved 
negative in all instances by subsequent infec- 
tion from mosquito bites. Trials were made at 
such intervals that in most instances at least 
one insectory cycle had been completed be- 
tween them. 

In the trials employing mixture (a), 27% 
of the birds became infected (see Table I); 
mixture (b) infected 72% and mixture (c) 


Locke’s solution. None of the sporozoites re- 
tained their infectivity in the plasma alone 
(see Table I), but they- did so in 100% of 
instances when the cells were present. 

Canary plasma with canary cells, hen cells, 
and both. Seven trials were made of sporo- 
zoites in canary plasma to which the washed 
canary cells were returned, canary plasma to 
which an equivalent amount of washed hen 
cells were added, and canary plasma in which 
one-half the added washed cells were canary 
and the other half hen. When canary cells 
alone bad been added, sporozoite infectivity 
was retained in 100% of instances (see Table 
I) ; when hen cells alone had been added, in- 
fectivity was lost completely; when the can- 
ary-hen cell mixture had been added, infec- 
tivity was retained to the extent of 74%. 

Hen plasma with canary cells, hen cells, and 
both. These S trials constituted a test just 
the reverse of the above in that the fluid me- 
dium was hen instead of canary plasma. ItTien 
hen cells were added there was no retention 
of sporozoite infectivity (Table I); when, 
canary cells were added infectivity was re- 
tained 100%; when a mixture in equal parts 
of the two types of cells was added infectivity 
was 85% retained. 

Canary plasma with canary white and red 
cells, separately. In S trials, after the initial 


oiyo. 

Canary and hen plasmas alone. Sporozoites 
were separately incubated in canary and hen 
plasmas. In two trials (See Table I), they 
failed to retain infectivity in either plasma. 

Canary plasma alone and with canary cells. 
Four trials were made of sporozoites in canary 
plasma alone and in another portion of the 
same plasma to which the normal amount of 
canarv cells was returned after 3 washings m 

by Nntion.al Institute o( 

TTooifit TJpsearcli Grant C/ (C-). 

Beckman, H., PROC. Soc. Exp. Bion. akd Mep., 

1948 , 67 , 172 . 


separation of canary plasma and cells by cen- 
trifugation, the cells were washed 3 times in 
Locke’s solution and then loaded through a 
long needle into the bulb and stem of a 2 cc 
Ostwald-Folin pipette modified by cutting off 
the delivery tip below the bulb, fusing the 
lower opening, and cutting down the suction 
stem to a size suited to the centrifuge. Spin- 
ning of this improvised centrifuge tube load- 
ed with washed total blood cells delivered the 
white cells as “buffy layer” into the suction 
stem, whence they were removed with a thinly 
drawn capillary tube. One small drop of tin's 
buffy layer was blonn into a 0.6 cc mixture. 
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TABLE 1. 


Survival of Malaria Sporozoites in Tarions 'Whole Blood. Blasma and Cell ^Mistnres. 


Mixtures of canary and lien uliole Moods (C= canary, H = 

:hen). 


1/10 C-9/10 H 

5/10 C-5/10 H 

9/10 0-1/10 H 

Trial Xo. 

(birds infected) 

(birds infected) 

(birds infected) 

1 

1/4 

2/3 

4/4 

O 

3/5 

5/5 

5/5 

3 

2/5 

4/4 

5/5 

i 

1/5 

3/5 

3/5 

5 

0/8 

7/S 

S/S 

G 

1/8 

1/8 

5/7 

7 

4/8 

7/7 

0/7 

Totals 

12/43 (27%) 

20/40 (72%) 

3C/41 (S7%) 


Canarv and hen plasmas alone. 



C plasma 

H plasma 


Trial Xo. 

(birds infected) 

(birds infected) 


1 

0/12 

0/12 


2 

0/12 

0/12 


Totals 

0/24 

0/24 



Canarv plasma alone and witli Canarv cells. 



Alone 

With Cecils 


Trial Ko. 

(birds infected) 

(birds infected) 


1 

0/G 

C/e 


O 

0/C 

C/e 


3 

0/0 

C/G 


4 

0/C 

6/C 


Totals 

0/24 (0%) 

24/24 (100%c) 



Canarv idasnia with Canary colls, lien cells, and both. 


IVitli 0 colls 

With H cells 

With C and H cells 

Trial Xo. 

(birds infected) 

(birds infected) 

(birds infected) 

1 

5/5 

0/5 

4/5 

O 

5/5 

0/5 

2/5 

3 

5/5 

0/5 

1/5 

4 

4/4 

0/4 

4/4 

5 

S/S 

0/7 

S/S 

6 

7/7 

0/7 

G/8 

7 

S/S 

0/8 

7/S 

Totals 

42/42 (100%) 

0/41 (0%) 

32/43 (74%) 


Hen plasma with Canarv 

cells. Hen cells, and botb. 



IVith C cells 

With H cells 

With C and 11 colls 

Trial Xo. 

(birds infected) 

(birds infected) 

(birds infected) 

1 

4/4 

0/4 

4/4 

2 

4/4 

0/4 

4/4 

3 

4/4 

0/4 

1/4 

4 

4/4 

0/4 

4/4 

5 

4/4 

0/4 

4/4 

Totals 

20/20 (100%) 

0/20 (0%) 

17/20 (85%) 


Canary plasma, with Canarv 

white and red cells, separntelv. 


IVlute cells 

J<cd cells 

Plasma alono 

Trial Xo. 

(birds infected) 

(birds infected) 

(birds infected) 

1 

5/5 

3/5 

0/5 

2 

o/o 

3/.5 

0/5 

3 

.5/5 

3/5 

1/5 

4 

S/S 

3/S 

0/S 

;* 

5/7 

1/S 

0/8 

Totals 

2S/30 (03%) 

13/.5I (41%) 

1/31 (3%1 

of wltidi was canary plasma and half 

One small drop of red cells obtained from 

i-nckes solution 

containing the sporozoites. 

deep down in the bulb of the pipette was then 
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Cells and Sporozoite Survival 


blown into another portion of the same plas- 
ma-Locke-sporozoite mixture. Incubation and 
subsequent injections as usual. 

Survival of sporozoite infectivity occurred 
in 93% of instances when white cells alone 
had been returned to the plasma (see Table 
I); in 41% when red cells alone had been 
added; in 3% when presumably plasma alone 
was present. 

Dhaission. In the recent interesting paper 
of McGhee,” who succeeded in infecting Swiss 
mouse erythrocytes injected intravenously into 
chick embryos 2 days after infecting the em- 
bryos intravenously with P. lopfiurae tropho- 
zoites, it is suggested that perhaps the malaria 
resistant principle in certain species lies in 
the serum constituents rather than in the cells. 
The studies herein reported indicate that the 
reverse is the case with regard to sporozoite 
survival, at least in drawn blood. The sporo- 
zoites in these experiments did not survive 
in the plasma of either the resistant or the sus- 
ceptible species, but they survived equally 
well in the plasma of either species provided 
cells of the susceptible species were present. 
They did not sur\'ive, however, in the plasma 
of the susceptible species if cells of the resis- 
tant species alone were added, though they 
survived extremely well in the plasma of either 
species if, in addition to cells of the resistant 
species, cells of the susceptible species were 
present. Apparently, therefore, insofar as one 
can draw conclusions from a study of two 
species of the same phylum, the survival of 
sporozoites in drawn blood depends upon the 
presence therein of cells of the susceptible 
species. This would appear to conform to 
the m vivo observation of Huff and Coulston,® 
who were unable to prevent sporozoite infec- 
tion of P. gallimceiim-susceptMe chickens by 
inoculation of them mth the whole blood, 
serum or plasma of non-susceptible ducks, but 
who did succeed in convejnng to ducks some of 
the susceptibility of the chicken by inoculating 

them with chicken blood. 

Pk^ Soc. Exp. Biol, akd 


Whether it is the white or red blood cells 
of the susceptible species which make survival 
possible was not conclusively determined in 
these studies, though the evidence (Table I) 
favors the greater importance of the white 
cells. If a technic can be evolved which will 
deliver pure samples of w'hite and red cells, 
it should be possible to settle the point. Con- 
tamination of the white cells with a small 
number of red cells would not probably be 
important in view of the evidence, but it ap- 
pears that the presence of only a few white 
cells in the red cell sample could considerably 
facilitate survival because it requited only 
one small drop of the buffy layer in 0.6 cc of 
diluent to enable practically complete survival 
to take place. 

No evidence of the nature of the action of 
the canary cells in facilitating sporozoite sur- 
vival in vitro was obtained. Prolonged study 
of stained smears made at various times during 
the incubation of the mixtures did not reveal 
sporozoites or anything resembling pre-eiy- 
throcytic forms in any of the cells. Immuno- 
logic studies were not performed. 

Summary. In a study of the role of cells 
and plasma in retention of infectivity of sporo- 
zoites of P. calhemcrium 3H2 in canary blood 
and the failure of such retention in hen blood, 
it was found that (a) survival occurs in hen 
whole blood provided a small amount of 
canary whole blood is present; (b) it does 
not occur in either canary or ben plasma 
alone; (c) it occurs in either canary or hen 
plasma if canary cells are present whether or 
not hen cells are simultaneously present but 
does not occur in either plasma if onlj’’ hen 
cells are present; (d) it occurs in canary 
plasma to a greater extent if canary white 
cells (somewhat contaminated with canary 
red cells) are present than if canao' red cells 
(somewhat contaminated with white cells) are 
present. The possible significance of the find- 
ings is discussed. 

Tcclinic.Tl assistaiioe of Diirrrl! 15. Paul is griile- 
full.v .ickiioivleilgcd. 


Med., 1949, 71, 92. 

3 Huff, C. G., and Coulston, 


F„ J. Iiifrct. Dis., 


Beccivcd August 18, 1040. P..S.E.I3.M., 1949, 72. 
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Toxicity of Sodium Tetrathionate. (17380) 

Nathax Bloom, Gus Fomes, axd Leonard Policoff. 
(Introduced by H. B. Haag.) 

From the Department oj Medicine, Medical College of Virginia, Richmond. 


Sodium tetrathionate monoh 3 'drate (Na;- 
S 40 c,Ho 0 ) was first proposed by Theis and 
Freeland’ for use in the treatment of thrombo- 
angiitis obliterans. Their object was to pro- 
vide a greater and more prolonged effect than 
that obtained bv' sodium thiosulfate (Naj- 
S;0.-5‘ 5 H 2 O). These substances comprise an 
o.xidation-reduction S 3 ’stem but thiosulfate will 
not oxidize SH groups while tetrathionate 
does have this action. It has been suggested 
by Philips ct al.,- Goffart and Fischer’ that 
the kidne 3 's ma 3 ’ be damaged b 3 ' this funda- 
mental reaction. 

The Council on Pharmacy and Chemistrv' 
of the American ^ledical Association^ quoted 
the work of Chen, Rose, and Clowes,^ also 
that of Gilman and his associates,'’ on the 
toxicity of this substance. It was stated that 
the intravenous LD.io in the dog was 250 mg 
per kilo and in the rabbit 75 mg per kilo. The 
animals died from renal failure due to severe 
necrotizing lesions in the pro.ximal convoluted 
tubules. .\ later report of the Council consisted 
of communications from Theis and DeTa- 
kals,' who emphatically slated that the clini- 
cal dose of sodium tetrathionate was onh' a 
small fraction of the lethal dose in animals. 
Thev advocated a review of the toxicit 3 ' of 
this drug from a clinical standpoint. 

In an effort to determine the toxicit 3 ' of 

' Tlicis. 1'. K.. mid Ercclmid, M. It., Arch. Siirff.. 

-to, liiO. 

- I'luUjis, F, p., Gilman, A., Koclli>. V,. S., and 
Alti'n. It. I*.. J. Dint. Chem., 1P47, 107, 203. 

•■'(tofTart, M., and Fischer, F., Archive.^ Interna- 
liiniiilr.v tie VInjsintopic, 1P4S, O.T, 25S. 

' fiimicil on I’iiarinacy and Chcinistrv. ,T.A.M..t., 

I'.MT. i:w, r.oa. 

■■ riicn. K. K.. Itnse, C. L., and Chores, G. H. A., 
At.}. .1. Mnl. Sri., lO.aT, 1K8, 707. 

'■Gilman. A.. Philips, F. S.. Koolle, F. Allen, 
It. 1*., and .‘it. .Tnhn, K., .4m. J. F/n/.riol,, 1P4G 1-IT 
3 IS. 

* Snppl,. mental Report on Sediiiin Tetrathionate 
.3..I..13..I.. I'.i47. IJtl. 3002. 


sodium tetrathionate (Tetrathione, Searle) 
clinicall 3 ', we decided on the folloudng e.x- 
periment. 

Method oj study. A group of 30 patients, 
admitted to the Aledical Service of the 2iledi- 
cal College of Virginia, Hospital Division, 
some with peripheral vascular disease, and 
others with various other maladies, were sub- 
jected to routine blood non-protein nitrogen, 
Mosenthal concentration and phenolsulphon- 
phthalein tests. These patients rvere then 
given 0.6 g (10 cc) of tetrathione, intraven- 
oush" twice daiU', for a period of 7 days. 
This dosage was equivalent to that of the 
usual course of treatme.nt of peripheral vas- 
cular disease, lasting 7 weeks. .At the end of 
the 7 da 3 ' period, the non-protein nitrogen, 
Mosenthal concentration, and phenolsulphon- 
phthalein studies were repeated. The results 
are given in Table I. 

There were no untoward reactions to the 
drug. None of the patients manifested nausea, 
vomiting, abdominal pain, or weakness, which 
have been reported following loo rapid injec- 
tion or during the course of clinical treatment. 
The changes in the laboratory findings were 
mostl 3 ' of a minimal character. In 15 cases the 
non-protein nitrogen showed a slight increase, 
in 8 cases there was a sli.ght decrease, and in 
7 cases there were no changes. The Mosen- 
ihal concentration test showed an increase in 
specific gravit 3 ’ in 10 cases, a decrease in 7 
cases, and in 13 cases there were no changes. 
The phenolsulphonphthalein test showed an 
increased concentration of the d 3 'e in 6 cases, 
in 15 cases there was less concentration, and 
in 9 cases there were no changes. The maxi- 
mum increase in the non-protein nitro.ccn was 
from 20 mg'>c to 35 mg% in case IS. a pa- 
tient with thrombo-angiitis obliterans. We con- 
sider 35 mg (Tr within the normal range. The 
Mosenthal concentration test in case 6 showed 
a xairiation from a maximum specific gmviU' 
of 1.052 prior to tetrathione to I.OIS follow- 
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Cells and Sporozoite Survival 


blown into another portion of the same plas- 
ma-Locke-sporozoite mixture. Incubation and 
subsequent injections as usual. 

Survival of sporozoite infectivity occurred 
in 93% of instances when white cells alone 
had been returned to the plasma (see Table 
I); in 41% when red cells alone had been 
added; in 3% when presumablj' plasma alone 
was present. 

Discussion. In the recent interesting paper 
of McGhee - who succeeded in infecting Swiss 
mouse erythrocytes injected intravenously into 
chick embryos 2 days after infecting the em- 
bryos intravenously with P. lophurae tropho- 
zoites, it is suggested that perhaps the malaria 
resistant principle in certain species lies in 
the serum constituents rather than in the cells. 
The studies herein reported indicate that the 
reverse is the case with regard to sporozoite 
survival, at least in drarvn blood. The sporo- 
zoites in these experiments did not survive 
in the plasma of either the resistant or the sus- 
ceptible species, but they survived equally 
well in the plasma of either species provided 
cells of the susceptible species were present. 
They did not survive, however, in the plasma 
of the susceptible species if cells of the resis- 
tant species alone were added, though they 
survived extremely ivell in the plasma of either 
species if, in addition to cells of the resistant 
species, cells of the susceptible species were 
present. Apparently, therefore, insofar as one 
can draw conclusions from a study of two 
species of the same phylum, the survival of 
sporozoites in drawm blood depends upon the 
presence therein of cells of the susceptible 
species. This w'ould appear to conform to 
the in vivo observation of Huff and Coulston,® 
who were unable to prevent sporozoite infec- 
tion of P. gaUinaceum-snscepWhlo chickens by 
inoculation of them rvith the whole blood, 
serum or plasma of non-susceptible ducks, but 
who did succeed in conveying to ducks some of 
the susceptibility of the chicken by inoculating 

them with chicken bloody 

"TM^iee, E. B., Phoc. Soc. Exp. Biol, and 


Whether it is the white or red blood cells 
of the susceptible species which make survival 
possible was not conclusively determined in 
these studies, though the evidence (Table I) 
favors the greater importance of the white 
cells. If a technic can be evolved which will 
deliver pure samples of white and red cells, 
it should be possible to settle the point. Con- 
tamination of the white cells with a small 
number of red cells would not probably be 
important in view of the evidence, but it ap- 
pears that the presence of only a few white 
cells in the red cell sample could considerably 
facilitate survival because it required only 
one small drop of the buffy layer in 0.6 cc of 
diluent to enable practically complete survival 
to take place. 

No evidence of the nature of the action of 
the canary cells in facilitating sporozoite sur- 
vival in vitro was obtained. Prolonged study 
of stained smears made at various times during 
the incubation of the mixtures did not reveal 
sporozoites or anything resembling pre-er 5 '- 
throcytic forms in any of the cells. Immuno- 
logic studies were not performed. 

Summary. In a study of the role of cells 
and plasma in retention of infectivity of sporo- 
zoites of P. cathemerium 3H2 in canary blood 
and the failure of such retention in hen blood, 
it ivas found that (a) survival occurs in hen 
whole blood provided a small amount of 
canary whole blood is present; (b) it does 
not occur in either canary or hen plasma 
alone; (c) it occurs in either canary or hen 
plasma if canary cells are present whether or 
not hen cells are simultaneously present but 
does not occur in either plasma if onb^ hen 
cells are present; (d) it occurs in canary 
plasma to a greater extent if canary white 
ceils (somewhat contaminated with canary 
red cells) are present than if canar}' red cells 
(somewhat contaminated with white cells) are 
present. The possible significance of the find- 
ings is discussed. 

Teclmic.il .qssist.'ince of Dnrrcll 13. P;iiil is gr.Tte- 
full}' acLiioivIeUged. 


Med., 1949, 71, 92. 

3 Huff, C. G.,' and 
1946, 78. 99. 


Coulston, F., J. Jvfcrt. Dis., 


Received August IS, 1040. P.S.E.B.M., 1040, 72. 
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enthal concentration values indicated little 
disturbance in kidney function. However, 
these tests would not be expected to show 
much change unless there was a rather ex- 
tensive impairment in renal function. The 
phenolsulphonphthalein excretion test was our 
most sensitive test of tubular function and in 
several instances showed e\'idence of dimin- 


ished tubular capacity following sodium tetra- 
thionate administration. On the basis of these 
clinical studies it would seem that sodium 
tetrathionate probably should not be used if 
there is any pre-existing renal disease. 

Bcceived August IS,. 1949. P.S.E.E.M., 1949, 72. 


Glycogen in Basophilic Leucocytes in Human Blood Smears. (17381) 

Christianna SxnxH. (Introduced b\' A. Elizabeth Adams.) 

From the Walter II. Merriam Laboratory, Department oj Zoology, Mount Holyoke College, 

South Hadley, Mass. 


In a recent study of the occurrence of the 
periodic acid-Schiff reaction in various normal 
cells of the blood and connective tissue by 
Wislocki, Rheingold and Dempsey,^ small 
clear red dots were observed in the pale pink 
cytoplasm of the basophilic leucocytes. These 
investigators were not able to identify the 
basophiles in control blood smears digested by 
saliva. They therefore concluded that the 
red stained material in the undigested smears 
may have been glycogen but that the “ap- 
parent finding needs further verification.” 
Similarly, Gibb, and StowelF decided that 
“Because myeloid cells which were free from 
glycogen were not obseia'ed in normal periph- 
eral blood and bone marrow films, basophils, 
although not specifically identified, may also 
contain glycogen.” 

To make certain that basophils could be 
identified in smears digested by saliva before 
treatment with periodic acid and leucofuchsin, 
dried smears of human blood were stained in 


M right’s blood slain in absolute methyl al- 
cohol for 3 minutes. This step was not fol- 
lowed by the usual one of the diluted stain, 
lor the most part, the smears were very quick- 
ly rinsetl in 95^c ethyl alcohol although at the 
beginning of the study a few were dipped in 
running water. Basophils were locateil and 


I Yiislpcti, G. 11., lllu'ingoltl, .1. .T., 
E. W., Lino, I, i<i40, -I, so;;. 

-Oita., It. 1'., ;i,ul Ptnwpll, It. K., 
•1, SCO. 


Mid Dc-mp«i-y, 
Blood, 1949, 


each cell was ringed b\' means of an object 
marker. A map was made giving its position in 
the circle. The smears were then fixed in abso- 
lute ethyl alcohol for 5 minutes, rinsed in 95^ 
and lOfc alcohol and stained by the periodic- 
leucofuchsin technic of McManus’’’ ■with 
periodic acid, or, as modified by Wislocki, 
Rheingold and Dempsey,^ ivith periodic 
acid. The smears to be digested were covered 
with saliva for 45 to 60 minutes after fi.xation 
in absolute alcohol and rinsed in running 
water, .“lifter the smears had been examined 
with no nuclear stain, they were stained in 
!Mayer’s hematoxylin for 10 minutes. 

In the undigested smears, the glycogen in 
the neutrophiles was stained a deep to pale 
red-pink, either evenly throughout the cr'to- 
plasm, or more deeply either around the 
periphery of the cell or off at one side. The 29 
basophilic leucocytes e.xamined were, in con- 
trast, much paler, a difference seen clearly^ 
when the two kinds of cells were found next 
to each other. There was a marked variation 
in the amount of glycogen in the basophiles 
even on the same slide. In some cells rather 
large clear red granules were seen in groups 
with finer grains distributed more regularly 
among the unstained basophilic granules. In 
others only these dust-like particles of glyco- 
gen were visible. .\ third variety had a hazy 
pink background which outlined the colorless 
basophilic granules A few had no color at all. 

SMcMniW's. .T. r. stnin Terh., I94S, 241, 99. 
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Toxicity of Sodium Tetrathionate 


TABLE I. 

Sodium Tetrathionate Experiments. 


P.S.P. P.S.P. N.P.N. jS^-P-N. 

control, after, control, after, ilosenthal (highest) 

Case No. % % mg % mg % Control After 


1 

•80 

63 

24 

32 

1.022 

1.022 

2 

85 

75 

23 

35 

1.024 

1.020 

3 

60 

55 

36 

27 

1.022 

1.020 

4 

55 

55 

28 

38 

1.022 

1.025 

5 

70 

60 

33 

32 

1.022 

1.020 

6 

60 

70 

30 

33 

1.032 

1.018 

7 

58 

50 

26 

30 

1.020 

1.018 

8 

55 

55 

25 

30 

1.018 

1.016 

9 

60 

55 

35 

35 

1.018 

1.018 

10 

45 

50 

30 

27 

1.020 

1.020 

11 

60 

60 

44 

40 

1.015 

1.016 

12 

83 

65 

23 

27 

1.013 

1.016 

13 

60 

53 

29 

27 

1.017 

1.018 

14 

90 

62 

23 

27 

1.020 

1.018 

15 

55 

55 

32 

27 

1.022 

1.022 

IG 

55 

55 

41 

32 

1.017 

1.016 

17 

75 

60 

33 

29 

1.026 

1.026 

18 

51 

34 

20 

35 

1.016 

1.023 

19 

70 

60 

25 

27 

1.012 

1.012 

20 

53 

50 

24 

24 

1.012 

1.017 

21 

47 

45 

30 

33 

1.012 

1.012 

22 

50 

45 

31 

36 

1.016 

1.013 

23 

40 

45 

36 

36 

1.012 

1.021 

24 

50 

58 

33 

30 

1.021 

1.018 

25 

105 

55 

27 

26 

1.018 

1.016 

26 

75 

70 

26 

37 

1.012 

1.019 

27 

60 

60 

32 

30 

1.022 

1.022 

28 

70 

60 

47 

50 

1.020 

1.022 

29 

30 

Avg 

Incomplete 

40 

63 ± 2.7 

45 

57 ± 1.7 

36 

30 ± .11 

37 

32 ± 10 

1.014 

1.018 ± .009 

1.012 

1.019 ± .0006 


ing the drug. In all other cases the variation 
in Mosenthal concentration was minimal in 
either direction. The phenolsulphonphthal- 
ein test showed the most marked variations. 
It was decreased 'by 18% in case 12 and de- 
creased by 27.5% in case 14. The most un- 
usual change was in case 25, in which there 
was a decrease of 50%. There was no cor- 
relation in any separate case between the 


'hanges in the various tests. 

A statistical analysis® of the data is outlined 
n Table I. It will be noted that the phenolsul- 
ihonphthalein control e.Ycretion 63.1% ± 

7 7S After sodium tetrathionate the e-xcre- 
ion'was 56.8% =fc 1-69. The “t” value for 
the difference of these means is 1.955 whiA, 
Sth a normal deviate of 1.96, gives a proba- 
n 03 The values for the non-protem 


± 0.97. This indicates no significant dif- 
ference. The Mosenthal values consider only 
the highest concentration obtained. They 
were 1.018 ± 0.009 and 1.019 ± 0.0006. 
This indicates very little difference. The 
statistical analysis demonstrates that for the 
dosage emplo}fed sodium tetrathionate does 
not materially affect kidney function as re- 
gards the non-protein nitrogen and Mosen- 
thal tests. The phenolsulphonphthalein e.x- 
cretion might be interpreted as definitely re- 
flecting some changes in kidney function. 

Summary. Thirty patients were chosen at 
random from the routine admissions to the 
Medical Service of the Medical College of 
Virginia Hospital Dirdsion and given 0.6 g 
sodium tetrathionate twice daily for 7 days, 
intravenously. The effect on kidney function 
was studied by following changes in blood 
non-protein nitrogen, Mosenthal concentration 
and phenolsulphonphthalein e.xcretion values. 
The blood non-protein nitrogen and the Mos- 
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Coagulasc. Cell-free coagulase was prepared 
as follows: From 5-10 ml of an overnight cul- 
ture of a coagulase-positive strain of S. aureus 
in trj'ptose broth were placed in a flask con- 
taining 500 ml of tryptose broth to which 10 
ml of bovine albuminl had been added. This 
broth culture was incubated for 72 hours at 
37°C, following which the cells were sedi- 
mented in a refrigerated centrifuge for 2 hours 
at 2,000 RPM. The supernate was remo%'ed 
and stored at 4'’C overnight. The supernate 
was then passed through a Seitz filter, the 
first 50 ml being discarded. The filtrate was 
tested for sterility and stored in the frozen 
state in ampules, .■^t the time of use it was 
thawed rapidlj- and the necessarj- dilutions 
made with sterile tiyptose broth. 

Fibrinogen. For standardization of coagu- 
lase a solution of 100 mg of Fraction I (bovine 
fibrinogen!) in 63 ml of buffered saline solu- 
tion was employed. After incubation at 37°C 
for 30 minutes with occasional agitation, 1 ml 
of the 1:100 dilution of heparin was added. 

To SO ml of this solution was added 0.1 ml 
of the standard activator. Using volumetric 
pipettes, this was further diluted with the fi- 
brinogen solution so that the final concentra- 
tion of activator was 1:3500. 

For the coagulase-inhibition test, 100 mg 
of fibrinogen was dissolved in 31 ml of buffer 
and following incubation at 37'C for 30 min- 
utes, 1 ml of 1:100 heparin was added, .•\cti- 
vator was added to this solution so that there 
was a final concentration of 1:1000. 

Scrum. Blood was collected and allowed to 
clot at room temperature. -After separation, 
the serum was stored either at -20'C or at 
4‘^C. The day before testing, 0.25 ml of sera 
were placed in small tubes and inaclivatetl 
in a water bath at 60'C for 20 minutes. The 
sera were then stored at A'C for 60 minutes 
and again inactivated at 60" C for 20 minutes. 
To each .‘H;rum w.as added 6 ml of buffered 
saline solution and the solution was stored at 
4'C overnight. 

Standardization Procedure. .\ preliminary 
standardization of the coagul.ase preparation is 

t .Vniiiiur .iiiii CVi. 

; Tlic mitlinr-i tn tliank .\rinnur amt Co., 

taiir.Tgn, 111., f„r fiinijilyiiij; tUU froiUict. 


performed by making serial two-fold dilutions 
in 1 ml volumes, using tryptose broth as a 
diluent. To each tube is added 1 ml of the 
fibrinogen solution containing 1:3500 acti- 
vator. The rack containing the tubes is shak- 
en, and placed in the 37°C water bath for 3 
hours. The prelimmary’ liter is then read as 
the highest dilution of coagulase which results 
in the formation of a visible clot. 

The final titration employs the proper dilu- 
tion of coagulase in trjptose broth as indicated 
b\' the preliminary titration. The coagulase 
is added to a duplicate series of 6 tubes in de- 
crements of 0.1 ml. Tryptose broth is added 
to bring the volume up to 1 ml. 

One ml of the fibrinogen standard is added, 
and incubation carried out as above. -A unit 
of coagulase is then defined as the smallest 
amount which results in the slightest visible 
shred of fibrin after 3 hours’ incubation. Read- 
ing of the test is facilitated by the use of a 
hand lens. 

Coagulase-inhibition Test. Previous stud- 
ies"-* have indicated that the union of coagu- 
lase and inhibitor is practically' complete after 
90 minutes’ incubation at 37°C. The pro- 
cedure emplo.ved for the titration of anticoagu- 
lase includes a preliminary' and a fine titra- 
tion as follows: to a series of 10 x 125 mm 
tubes containing 1 ml of various dilutions of 
serum previously inactivated as described 
above, is added 0.5 ml of coagulase contain- 
ing 1 unit. .After shaking, the mixtures are 
incubated at 37‘’C for 90 minutes and 0.5 ml 
of fibrinogen solution containing 1:1000 acti- 
vator and heparin is added with an automatic 
pipette. The tubes are placed again in a water 
bath at 37°C for 3 hours. The liter of anti- 
coagulase is read as the greatest dilution 
(initial) of serum which completely inhibits 
the formation of any \'isible shred. 

Tn the preliminary titration the initial dilu- 
tions of serum employed are 1:25, 1:125, and 
1:625. The final titer is then determined us- 
ing 4 or 5 tubes of the proper dilutions as indi- 
cated in Table I. 

.■leeuracy. To establish the accuracy of the 

Oliominslci, I., and Koborts, .\. B. S., J. J’nt/i. 
amt Hart.. 1040, .■>«. 1P7. 

“ C, II,, iinimbVt'.bfd oV'-'Tynlinr,?. 
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Determination of Anticoagulase 


In the digested smears the cytoplasm of the 
12 basophiles studied was almost transparent 
and -without color. It is therefore concluded 
that the material in the basophilic leucocytes 
which stained red in leucofuchsin after 
periodic acid is glycogen. Furthermore, since 


glycogen can be demonstrated in the human 
basophilic leucocytes, they do “differ from 
mast cells which contain periodic acid-Sdiiff 
positive material which is insoluble in saliva.” 
(Wislocki, Rheingold and Dempsey'). 

Eeceived August 22, 1949. P.S.E.B.M., 1949, 72. 


A Quantitative Method for Measuring Staphylococcal Anticoagulase.^ 

(17382) 


Charles H. Rammelicamp, Jr., G. F. Badger, John H. Dingle, A. E. Feller, and 

R. G. Hodges. 

From the Departments of Preventive Medicine and of Medicine, School of Medicine, TFci/cni 
Reserve University, and the University Hospitals, Cleveland, Ohio. 


The study of infections produced by Sfa- 
phylococcus aureus in man or in experimental 
animals has been hampered by the lack of a 
suitable serological test. Since staphylococcal 
coagulase will stimulate the production of an 
inhibitor substance, termed anticoagulase,'-- it 
has been possible to devise a serological test 
that could be used in the study of infections 
caused by this organism. 

The mechanism whereby staphylococcal 
coagulase clots plasma has been partially 
clarified by the recent work of Smith and 
Hale,^ Kaplan and Spink,"* and Tager.“ Most 
strains of 5. aureus produce an extracellular 
substance, coagulase, which, added to plasma, 
results in the formation of a clot. Coagulase 
does not clot fibrinogen directly, for it has 
been found that a second factor, termed acti- 

* T)iis investigation -ivas supported in part 
through tlie Commission on Acute Eespiratory 
Diseases, Army Epidemiological Board, Office of 
the Surgeon General, 17. S. Army, and by grants 
from the Brush Eoandation, the Cleveland Foun- 
dation, the S. P. Fenn Trust, and Mr. Pliilip K. 
Mather. 

1 Eammelkamp, C. H., Am. J. Med., 1948, 4, 782. 

2Tager, M., and Hales, H. E., J. Immunol., 
1948, «0, 475. 

3 Smith, W., and Hale, J. H., Frit. J. Exp. Path., 
1944, 25, 101. 

4 Kaplan, Jt. H., and Spink, "iV. W., Blood, 1948, 

5 Tager, JI., Talc J. Biol, and Med.. 1948, 20, 
20.9. 


vator' or reacting factor,® is also required. 
This substance is found in the blood of man 
and of certain animal species. Although it is 
not entirely dear at the moment whether co- 
agulase, activator, or a product of these two 
substances is responsible for the clotting of 
fibrinogen, antibodies against coagulase de- 
velop following immunization with cell-free 
coagulase. By employing measured amounts 
of coagulase, fibrinogen and activator, it has 
been possible to develop a quantitative method 
for the measurement of coagulase inhibitor, 
anticoagulase. 

Materials and methods. Bu^ered Saline. 
A solution of 0.01 M phosphate in 0.85% 
sodium chloride at a pH of 7.4 was prepared 
for dilution of all sera and for preparation of 
fibrinogen, activator and heparin solutions. 

Activator. The source of activator was 300 
ml of human serum from one donor. This 
standard serum was stored in glass containers 
containing 50-75 ml at 4°C. 

Two strengths of activator were employed. 
For standardization of coagulase, a final dilu- 
tion of 1:3500 of the serum in a solution of 
fibrinogen was employed. In the coagulase 
inhibition test a dilution of standard serum of 
1:1000 was used. 

Heparin. A solution of heparin containing 
100 mg per 10 ml of buffered saline solution 
was prepared and stored at 4°C until used. A 
1:100 dilution of this was added to the fibrino- 
gen-activator mixture. 
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TABLE II. 

Eepeated Titrations of Anticoaguiase of Control Sera. 


Serum 


Antieoagulase titer 


1 

<25 

<25 

<25 

<23 

<25 

<25 

<25 

<25 

<25 

<23 

<25 

o 

<25 

<25 

<25 

<25 

<25 

<25 

<25 

<25 

<25 

<25 

<25 

3 

278 

417 

278 

278 

278 

179 

179 

417 

417 

278 

417 

4 

278 

278 

278 

278 

278 

179 

278 

417 

417 

278 

278 

A 

179 

125 

179 

125 

179 



125 

- - 

__ 




B 

900 

900 

900 

900 

900 

1400 

900 

900 

900 

900 

900 

C 

278 

278 

417 

278 

417 

417 

278 

278 

278 

— 

, — 

D 

417 

278 

417 

278 

417 

417 

417 

— 

— 

— 

. — 


.\nticoagulasc titers of sera 1. 2, 3. and 4 were determined on different davs between 7/13/48 
and 8/2/4S. 

Sera A, B, C.. and D were used as controls between S/2C/4S and l/29/'li’- 


sera be employed in the antibody titration 
tvithin 24 hours since within 48 hours small 
amounts of activator may again be detected. 

The system used for measuring inhibitor to 
coagulase employs 0.5 ml of fibrinogen con- 
taining 1:1000 activator, whereas in the titra- 
tion of coagulase, 1.0 ml of fibrinogen con- 
taining a dilution of T.3500 activator is used. 
This procedure of increasing the activator 
concentration in the antibody titrations was 
employed so that technical variations in the 
amounts of coagulase or activator added, or 
residual amounts of activator remaining in 
the serum being tested, would not alter the 
end-point appreciably. The present test, as 
compared to that devised by Lominski and 
Roberts.'’ controls the concentration of activa- 
tor in the fibrinogen and therefore more re- 
producible results should be obtained. 

The stability of the various reagents used 
in this test is not definitely known. The fi- 
brinogen solutions should be employed within 


a few hours of preparation. When stored at 
-20° or 4°C in sealed ampules, coagulase re- 
tains most of its activity over a period of a 
year or more, but repeated standardizations 
are best performed at monthly intervals. Tiyp- 
tose broth is added as a diluent to the coagu- 
lase because it appears to stabilize its action 
so that results are reproducible. .■Vetivator, 
when stored in sealed ampules at -20° C or 
-4°C or at 4°C in rubber stoppered flasks for 
over a year, appeared to have lost little activi- 
t}-. When stored at room temperature, how- 
ever, a loss of activity was obsen-ed. 

Summary. A satisfactorj- serological test for 
the titration of antieoagulase in human and 
animal sera has been devised by controlling 
the various factors which enter into the coagu- 
lase-anticoagulase reaction. 

The tociiTiic.al .'i.ssisf.incc of Jlifs M.-irp.orct IIczo- 
bicks is gratefully .ucknowlcdgcil. 

llccciveil .\ugH.;t 21». 1040. P.f:.E.B.M.. 1040. 72. 


Effect of Dibuline’ on Nocturnal Gastric Secretion in Man. (17383) 


Erwin Lk\in, Joseou B. Kirsner, and Walter L. Palmer. 

From ih- Fr.utk liilUrr! .^rcdic<ll Clir.k, Drfartn-.cnt of Mrdiewe, Vnivcr.dtv of Chk.iro 


It has been shown’'' that dibuline 
fditnuyl urethane of dimethyl ethyl-B- 

by Pr. yf. I. Gro'-'.ninn. fiilwr.-ity of 
lUiimis, Cbii-ngo, 11). 

> Sivnu. K. C.. .nii.l WTiitc, N. G.. .T. Pharm. and 
J.'-y. Thrr.ip.. 1011. NO, es.l. 


hydroxyethyl ammonium sulfate. Merck) has 
a qimlilative effect similar to that of atropine. 

= ro:itlier?toiie. It. M.. .nnd Wbitf. X. G.. J. 
Pharm. and Krp. Thrrap.. lOl.l. SI. in.',. 

Pcterf'iu, C, G.. uuil PiUrr-cu, II. IL. .f. Pham. 
•inrl P.xp. Thrrap.. lOl.'i, SI. 23tt. 
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Deterjiination of Anticoagxjlase 


TABLE I. 

Method for Preparing Preliminary and Pine Titrations of Sera for Anticoaculase Titr.ations 

Preliminary dilution of serum 

Serum, ml 

Buffered saline, ml 

Initial dilution 

1/25 

1.0 

0 


0.25 ml of serum 

0.7 

0.3 

3G 

4- 

6.0 ml of buffered saline 

0.45 

0.3 

0.55 

0.7 

56 

83 

1/125 

1.0 

0 


1.0 ml of 1/25 serum 

0.7 

0.3 

17.0 

-f- 

0.45 


‘’78 

4.0 ml of buffered saline 

0.3 

0.7 

417 

1/625 

1.0 

0 

625 

0.5 ml of 1/25 serum 

0.7 

0.3 

900 

“f" 

0.45 


1400 

12.0 ml of buffered saline 

0.3 

0.7 

2100 


test 4 control sera are included in all titrations 
of anticoagulase. The results of repeated tests 
on 2 sets of control sera are show in Table 
II. Titers of sera run on dffierent days varied 
only 2 dilution increments. It would appear 
that acute and convalescent sera exhibiting a 
difference in titer of 2 or more dilution incre- 
ments, as determined on a single titration, 
represent a true difference in inhibitory sub- 
stance. Occasionally it may be desirable to 
determine the amount of antibody in dilu- 
tions less than 1:25; in such cases the re- 
producibility of the titers is somewhat less 
accurate. 

Discussion. The serological test described in 
the present report has been used for the past 2 
years and numerous sera have been examined. 
The technic is simple; 100 or more sera may 
be titrated in one day. The test has the ad- 
vantage that the various reacting substances 
are carefully controlled. A fi.xed amount of 
coagulase is allowed to react -with dilutions of 
the serum to be tested, following which known 
amounts of fibrinogen and activator are added. 
The end-points are reproducible and easily 
read. 

Living cultures of S. aureus have usually 
been employed in attempts to demonstrate an 
antibody to coagulase. Such a procedure pre- 
cludes a quantitative measurement of the in- 
hibitor since variable amounts of coagulase 
are produced during incubation of the plasma- 
coagulase mixtures. Cell-free coagulase may 
be obtained by heating or filtering cultures 
of S. aureus^ or by the addition of bacteno- 


static agents.® Variable results have been ob- 
tained as regards the resistance of coagulase 
to heat and filtration.® Acid cultures yield no 
coagulase upon heating, and alkaline cultures 
yield little or no coagulase on filtration. Lom- 
inski and Roberts® employed broth containing 
10% plasma and found that coagulase would 
then pass through a filter. Originally we em- 
ployed plasma in the culture medium, but 
later it was found that filtrates from such 
cultures clotted purified fibrinogen directly, 
indicating that a significant and variable 
amount of activator from the plasma remained 
in the culture filtrate. Since the measurement 
of coagulase is dependent upon the interaction 
of activator and coagulase, plasma cannot be 
used in the culture medium. For this reason 
bovine albumin w'as empIo 3 'ed, and it was de- 
termined that coagulase became filterable in 
the presence of albumin. 

Activator wms obtained from one source; 
human serum from one donor known to be 
free of a coagulase inhibitor. Because this 
serum was capable of clotting plasma or fibrin- 
ogen solutions directly, heparin was added to 
the system. Experience has shown that most 
animal sera and an occasional human serum 
will clot fibrinogen directl 3 ^ In the titration 
of antibody, sera to be tested are inactivated 
in order to remove the activator or reacting 
substance. It is important that inactivated 

SLomiitski, I., and Jlilne, J. A., J. rath, and 
Sact., 1947, SO, 516. 

® Tagcr, Jt., .and Hales, IT. B., Yale J. Jliot. and 
jfed., 1947, 20, 41. 
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TABLE II. 

EiTix-t Ilf llibulinc (10 ing I.M. at 9:30 p.m., 1:30 and 5:30 a.m.) on 

Secretion in Man. 


I’l-Hour Nocturnal Gastric 


Control 


During Dibuliiie 


cliange 



Vol. 

(«) 

Free IICl 
(Cl units) 

Free Hc'l 
(O'g) 

V,.i. 

(co) 

Free na 
(Cl units) 

Free HCl 

(mg) 

Vol. 

Free HCl 
(enne.) 

output 

HCl 

1 

4:i.'> 

To 

1191 

744 

54 

14.10 

-4-71 

— 28 

-r 

.1 

99S 

SO 

3ino 

1450 

79 

4170 

-f40 

— 

-4-30 

‘J 

401 

49 

719 

.100 

34 

024 

-^20 

—30 

— 

4 

nss 

43 

1S33 

1047 

09 

2010 

— 

-f04 

-4-43 



«>7 

13.12 

671 

76 

1S51 

-f- 

t 

-L37 

<; 


.19 

19SS 

1103 

65 

219.3 

-f- 

» 

-fSO 


.isa 

r»o 

12S2 

071 

-o 

1 .. 

1701 

-T 

-f 

-f37 

s 

nss 

00 

3S92 

1074 

94 

3090 

— 

“T 

— 

\\ 

lOgC) 

83 

3103 

1207 

7S 

:mio 

J- 

— 

4“ 

10 

•lOS 

oO 

1211 

010 

31 

790 

- 1 - 

— 3S 

—35 

11 

740 

.18 

IfiilO 

i;22 

39 

SSI 

— 

—33 

—43 

I'J 

loos 

:i3 

120S 

757 

14 

387 

— -21 

—IS 

— cs 

13 

1--Mi 

03 

2S02 

72Ct 

33 

S7S 

J 1 

— 48 

—09 

11 

inos 

4S 

1908 

191 

55 

491 

— 55 

—.31 

—74 

l.‘> 

:>7'2 

4g 

S75 

214 

os 

.120 

—03 

-1-04 

— 40 

mg) 

seems comparable to 1.0 to 2.0 mg of 

lions of 10 mg of dibulin 

e every 

[ hours 

atropine. The decrease 

m gastric 

secretion. 

very seldom produce side effects; when they 


when it occurs, persists usually for 2 to 3 
hours only. The repeated administration of 
the drug 4 hours after the initial dose is no 
more effective than the initial injection. 

Dibuline is tolerated better than atropine. 
The parenteral injection of the latter in 1.0 
mg doses every 4 hours, very frequently pro- 
duces marked dryness of the mouth, blurring 
of vision, and tachycardia. Repeated injec- 


do occur, however, the symptoms are mild and 
of brief duration. 

Conclusion. The effect of dibuline on 
gastric secretion is variable, transitory, and 
unpredictable. Further trial of the drug in 
the treatment of peptic ulcer seems to us 
unwarranted. 


ItcccivL’d Scjilomlior 1. 1949. T.S'.E.H.M.. 1949. 72. 


Possible Sources of the .Androgenic Factor in Cow Manure. (17384) 

H. W, Marlow. 

Frptn the Department aj liwcbemiflry, Snuthtxestern MrdienI CnUegr, Dallas, Texas. 


'Ihc bacterial flora of the stomach of a 
ruminant is known to synthesize a number of 
cninpoimds: proteins from urea;’ vitamin B 
coinplcxe.s.- " etc. It was felt desirable to 
deiermine changes in 17-ketosleroids on incu- 
hatwi feces, 

> s'mitl.. .1, A. I!.. ;md BaLor, F., J. Diochem„ 
1944. ;is, 49v;, 

-Itmit. 4'. 11.. UnTTOugli'i, B. W., Botlil.e, It. M.. 
St'li.iU,. ;n)(l 4HTl;iugh, I'atil. .T, ,Viifnfu*n, 

19 1,!. 2.-,, ger. 

" ButKlioIii. r. f’n\it 1!.. nml McVcigli. ll-Li, Prne. 

ACiuL Sri. t\ 


Turner' finds an androgenic factor in fecal 
material of pregnant cattle and goats. Long- 
well and Gassner’’ report increased size of 
comb when chicks are fed dried fecal material 
as part of their diet. They have made some 
attempt at characterization of the comjwund 
but have not reached a definite conclusion as 
to its chemical nature. 

It seems clc.-irable to investigate two pos- 

^ Turner. C. \V., J. Htnnj Scu ncr, I04T, UO. I, 
Jirrnnrt} IJ., ami F. X., 

I f 7. VM7. (S. -‘7::. 
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Dibuline on Nocturnai. 

It possesses both a smooth muscle-inhibiting 
and an antiacetylcholine action. Marquardt, 
Case, Cummins, and Grossman® have reported 
a temporarjr decrease in the gastric secretory 
rate in dogs and humans given 10 mg sub- 
cutaneously, the effect was of short duration, 
the secretion returning to control levels within 
an hour. The purpose of this paper is to sum- 
marize a study of the effect of dibuline on 
the nocturnal gastric secretion of 14 patients 
with duodenal ulcer and one with functional 
bowel distress. 

Method of study. The group consisted of 
14 males and one female (14 with duodenal 
ulcer and one with functional bowel distress). 

I. The effect of a single injection of di- 
buline was determined in 45 studies in 
fasting individuals. After a control period of 
6 hours from 2:30 to 8:30 p.m., dibuline 
was given intramuscularly in a dose of 10 mg 
and its effect noted in the subsequent 4 hours. 

The gastric contents were- aspirated continu- 
ously throughout the entire period of observa- 
tion, the collection bottles being replaced at 
hourly intervals. The volume, concentration 
and total output of free hydrochloric acid 
were measured for each hour. A depressant 
effect on gastric secretion was considered sig- 
nificant if the reduction was greater than 25% 
and it was sustained for as long as 2 hours. 

II. Data on the total nocturnal gastric 
secretion were obtained in a series of 15 ex- 
periments. The conditions of study were 
identical in all. All studies were made be- 
tween 9:30 p.m. and 9:30 a.m. The gastric 
contents were aspirated continuously, the 
containers being replaced at hourly intervals. 

The volume, concentration of free hydrochloric 
acid, and total output of free hydrochloric 
of each hourl 3 ' sample were determined by the 
usual method. Control hourly values for the 
12-hour nocturnal gastric secretion were ob- 
tained for one night prior to the use of di- 
buline. During the second night, 10 mg of 

•1 Peterson, C. G., anil Peterson, D. E., Gnsfro- 
cnteroloffll, 1945, 5, 1G9. 

5 Cummins, G. H., Marquardt, G. H., and Gross- 
man, JI. I., Gastroe-nicrology, 1917, 8, 205. 

C Marquardt, G. 11., Case, .1. T., Cummins, G. M., 

.and Grossman, 3t. I., Am. A. Mctl. Sci., 1918, SIC, 

203 . 


Gastric Secretion 


TABLE I. 

Effect of 10 mg Dibuline I.M. on Gastric Secre- 
tion ill Man. 


0 

Vol., 

% 

Cone, 
free HCl, 
% 

Free Ha 
mg. Cc 

Iiicre.ise > 25% 

31 

26 

33 

No significant change 

13 

34 

o- 

Decrease > 25% 

26 

40 

io 


dibuline in 1.0 cc of water were given intra- 
muscularly at 9:30 p.m., 1:30 a.m. and 4:30 
a.m. The patients did not experience any 
pain at the site of the injection. No effect was 
considered significant unless a change of 25% 
or more was obtained. 

Rcsidts. Effect of a single injection of di- 
buline (Table I). The hourljr volume was 
higher than the control values in 31% of the 
studies and did not change in 43%. A de- 
crease of 25% or more from the control values 
was noted in 26% of the studies. Both the 
concentration and the output of free hydro- 
chloric acid ivere lower in 40% of the studies. 
On the other hand, values greater than the 
control occurred during the administration of 
dibuline in 26 and 33%, respectively^. 

Effect on the 12-hour nocturnal gastric- 
secretion. (Table II). In 3 individuals, the 
volume exceeded the control values. It was 
not affected significantly in 8 studies; lower 
volume was noted in 4 studies. In 3 of the 
latter, the concentration and output of free 
hy'drochloric acid were diminished simul- 
taneously. In 4 additional patients the con- 
centration of free hj'drochloric acid dimin- 
ished although the volume of gastric secretion 
was unaffected. The total output of free 
hj'drochloric acid (mg) was unchanged in 4 
studies, considerably higher than the control 
values in 5, and lower in 6. 

Discussion. The present results indicate 
that the effect of dibuline on gastric secre- 
tion in man is variable and similar to that 
obtained with atropine sulfate.’ Both in- 
creases and decreases in secretion, as com- 
pared with the control period, were observed. 
The decreases particular^ seem to be of suf- 
ficient magnitude to be of some significance. 
The recommended dose of dibuline (10 

7 Levin, E., Kirsner, .1. B., .ami Palmer. It . L., 
to be publislicd. 
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Hvdrolvsate 


Butvl : 

ilcohol 


1 (3 times) 

.iqiicons 1 

1 Butyl alcohol 

1 1 
tilknlinc to neutral 

I 

‘ sabn 

f 

V 

Cbolic acid 

‘ 

nqucoijF [ 


ncidify 

j- 

Eliier 

i 

(Estrogens) 

dryness 

AL'olute alcoliol 


(Estrone) 


aqueous 


(Estrone) 


Biifr] nlcnliol 


(Androgen) 
evaporntc to dryness 
Ether 

-U 

Nu'OH 

' Ettier 


(Androgens) 
to dryness 
Atisotutc nlcohid 

j. 

Androgen 


and after the removal of the chromogens are 
shown belotv at 50S m/t for the original sam- 
ple (Xo. 1) and the 2 which were incubated 
for one and 2 weeks (Xos, 2 and 3, respec- 
tively). 

The K-value obtained is a comparative 
measure of the quantity of the 17-ketosteroids 
present. Since there was no increase in the 
K-value, it i.s conclusive that no increase of 
1 /-ketostcroids was e.\pericnccd on incubation 
ancl that therefore no increase of androgens 
wn.s evident upon incubation as carried out. 
Since there was no increase in 17-kctosteroids. 
no biological androgenic assay was considered 
nccc.«ary to prove that the bacterial flora of 
the feces was not responsible for the in- 
crca.ced androgenic content of pregnant cow 
manure. 


TAlII.r. T. 



Col. 1 

c<d. II 


Before 

.\ftcr 

1 

L.VJl 

I. .'.33 


i.mt 

no peak 

•• 

i.e-M 

1.322 


Rcaulis and coticlusiotts. 1. The Zimmer- 
mann test showed that there was no significant 
difi'erence in the amount of 17-ketosteroids 
before and after incubation periods up to 2 
weeks. Since the material tested in column 
II has been e.xtracted thoroughly with 2X 
XaOH. little estrogenic substance can be 
present. Hence the figures obtained are be- 
lieved to indicate androgens. 

2. It is therefore believed that the bacterial 
flora of the ruminant stomach is not concerned 
with the increased androgenic content of the 
feces of a pregnant cow. If any changes are 
obtained, it appears that there is a loss of 
androgens during incubation, or a loss by the 
second treatment. 

3. The bile from pregnant cows showed a 
demonstrable amount of an androgenic sub- 
stance. 

Tlie .'ilUli'ir Avi'.tii'f to .'i(’knn\\ li-dsp tiio im.oIii.'iMo 
ti'clinif.o] .nc-i«t.'iur(' rcniliTi'd by .Mi-i Mririon 
IJurklin for itii? p:irir-r. 

I’wivvil 5S.>}U.!nbvr 7. lOWL ISt?. TU. 
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sible sources of the androgens found in the 
feces of pregnant cattle and to study the prop- 
erties of the material extracted: first, its pro- 
duction by bacterial flora upon incubation of 
fecal material; and secondly, its presence in 
demonstrable amounts in the bile of pregnant 
cows. Immature rats, ovariectomized female 
rats and single comb White Leghorn baby 
chicks, both sexes, served as experimental 
subjects. 

Experimental. Collection and disposition 
oj samples of feces. The cow manure, free of 
urine, was collected within 2 hours after 
dropping from a pregnant cow of months 
duration. The sample was thoroughly mixed 
and divided into 3 portions ivhich were placed 
in sterilized fermentation jars. Sample No. 1 
weighed 3333 g; No. 2, 3379 g; No. 3, 3751 g. 
Sample No. 1 was immediately covered with 
absolute alcohol in such amounts that with 
the water present, the mixture was about 70% 
alcohol. The untreated samples No. 2 and 
No. 3 were placed in an incubator at 37.5°C, 
the former remaining for one week, and the 
latter for 2 weeks. 

Extraction of feces. The feces, which ivas 
placed in absolute alcohol as indicated above, 
was extracted in the cold 3 times with agita- 
tion, using calculated amount of 95% alcohol 
to give about 70% concentration. The com- 
bined extracts were allowed to stand over- 
night, centrifuged and decanted. This solu- 
tion -was evaporated to dr 3 ''ness under reduced 
pressure to a small .volume. It was then 
boiled with norite and filtered through super 
sal to remove colored matter. The alcohol 
solution was evaporated to dryness under re- 
duced pressure and this procedure repeated 
until all the water was removed. The residue 
was taken up in alcohol so that 1 ml con- 
tained the equivalent of 15 g of fresh manure. 
After their respective periods of incubation, 
samples No. 2 and No. 3 were treated in a 
like manner. All were very dark in color, 
which boiling with norite and filtering through 
super sal did not remove. 

Such high dilutions had to be made in order 
to be able to apply the Zimmermann test, that 
the following further attempt was made to 
remove the chromogenic material. An aliquot 
of each sample was evaporated to dryness 


under diminished pressure, taken up in water 
and extracted 3 times with carbon tetra- 
chloride. These were then washed twice with 
2N NaOH, and once ivith 10 cc of Li’copon 
(IN NaOH wdth 10 g of sodium hi'drosulfite). 
The CCL was evaporated to dri-ness under 
diminished pressure and the residue dissolved 
in alcohol. Samples No. 1 and No. 3 still 
were a dark brown color and No. 2 was a 
bright yellow color. Later tests with the 
Zimmermann test indicate that for some rea- 
son No. 2 gave no definite absorption band at 
508 TD/j.. 

Following the alcoholic extraction of the 
feces, some of the extract from sample No. I 
was then evaporated to drjmess and extracted 
3 times with ether. The ether was evaporated 
to dryness under diminished pressure, and the 
residue dissolved in absolute alcohol. This 
will be referred to as sample No. 4. 

Extraction of bite. Bile was obtained from 
pregnant cattle of 3-4 months duration. To 
it was added one-fourth its volume of concen- 
trated hj'drochloric acid, and the mixture 
boiled for 15 minutes. The hydrolysate was 
then treated as shown on following page. 

Test for androgenic factor using baby 
chicks; application of extract of feces. Two- 
day-old single comb White Leghorn chicks of 
both sexes ivere used in the test. The e.x- 
tract, equivalent to 3 g fresh manure, was 
applied to the comb each day for about 4 
weeks. This was done onh’ on the fresh 
extract and not on incubated fecal material in 
order to demonstrate the presence of andro- 
gens in the sample under consideration. In- 
creased comb growth was noted in both male 
and female chicks, but it is not of mathe- 
matical significance. 

Application of extract of bile. The extract 
of bile was applied topical!}- e.xactly as de- 
scribed for application of fecal extract, .-tn 
equivalent of 3 ml of fresh bile was applied 
daily on each chick’s comb. An increase in 
comb growth of both male and female chicks 
was demonstrable. 

Spectrophotometric studies. Samples be- 
fore and after attempt to remove chromogens 
were equilibrated and tested for 17-keto- 
steroids by the Zimmermann reaction. K- 
values (where K = log lo/I) for these before 


Axprogex and TH'i'RoiD Alkaline Phosphatase 


219 


TABLE I. 

Effect of a Single Injection of Testosterone Propionate on Alkaline Phosphatase Content of 

Alonse Thyroid Gland. 


Testosterone 
propionate 
dosage, mg 


Mice fed fox ilice fed fox 

Alice fed fox chow plus 0.25% cIioat plus 0.10% 

chow only thiouracil thyroglobulin 


0 + 0 

.03 + 

.10 + 0 

.20 + 0 



o- 



0 An overall negative phosphatase content. 

Xuclear and slight cytoplasmic content. 

— Nuclear and moderate cvtoplasmic content. 

^^4- — Fairly hca%-y content in the nuclei and cytoplasm of the acinar cells; slight content 
in the nuclei of the intcrfollicular cells. 


at 22 days of age with autopsy at 32 and 39 
days of age. The androgen, when adminis- 
tered, was injected on the 32nd day of age 
and permitted to act over 7 days thus a pre- 
liminary drug feeding period of 10 days pre- 
ceded injection and in all cases drug feeding 
was continued after hormone administration. 

Mice were killed by cemcal dislocation. 
The right thyroid fixed in cold 80% alcohol 
and the left thyroid in Bouin's fluid. .Alkaline 
glycerophosphatase was checked on sections 
cut at 7 n and prepared by the Gomori tech- 
nic" with the addition of a 2% AIgSOi solu- 
tion to the incubation mi.xture to enhance the 
stain. Incubation was carried out at 37° 
for 7 hours at pH 9. 2-9.4. The Bouin’s fixed 
material was sectioned at 10 p and stained 
with hematoxylin and eosin. 

Tile thyroid gland of immature female mice 
has alkaline glycerophosphatase essentially 
concentrated in the nuclei of the follicular 
cells with a tinge appearing in the cytoplasm. 
This condition was not altered by testosterone 
propionate until a dosage of 0.5 mg was 
reached when, however, the enzyme concen- 
tration exhibited an increase in the cytoplasm 
in all S mice studied (Table I). This proved 
a critical level, but an even more striking 
effect on the cytoplasmic phosphatase could 
be seen with a 2.5 mg dosage. Routine sec- 
tions stained with hematoxylin and eosin 
failed to reveal an androgen effect. 

Th iouracil feeding resulted in the antici- 
I'lux-. So<'. l!mi, .o;p Mm... 

U'S!'. tg, ga. 


pated hypertrophy of the thyroid epithelium 
and loss of colloid. Alkaline phosphatase was 
essentially lacking as the enzyme was not 
present in the cytoplasm and was reduced or 
absent in the nucleus of the follicular cells. 
Only the endothelial lining of the blood ves- 
sels contained alkaline phosphatase to any 
degree. Administration of testosierone pro- 
pionate failed to alter this essentially negative 
enzj'me picture even at the 0.5 mg dose which 
was effective in the normal mouse (Table I). 
The general histology also was not altered. 

Following thyroglobulin feeding the thy- 
roid histology was that of an atrophic gland 
as the follicular epithelium was now low 
cuboidal or squamous. .Alkaline phosphatase 
was definitely present in the nucleus and the 
cytoplasmic staining concentrated so that the 
follicular epithelium frequently appeared as a 
line of alkaline phosphatase. Essentially the 
same histology has been described for the rat 
thyroid following hypophyscctomy.’° Testo- 
sterone propionate in Uie dosages used failed 
to alter the alkaline phosphatase histology 
and provided no evidence of an effect in our 
routine preparations (Table I). 

Increased activity of the thyroid gland is 
correlated with a loss in alkaline phosphatase 
whether induced by stres.s nr thiouracil feed- 
ing. Furthermore, pituitary activation of the 
thyroid or disuse atropliy due to thyroid ad- 
ministration plays a primary role in the 
control of enzyme concentration since te.'ito- 
stcrone propionate can not override their 
effects. Nevertheless, in a normal female 
mouse, androcen can incrca.'^c the alkaline 
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Alkaline Phosphatase in the Mouse Thyroid Following Testosterone 
Propionate, Thiouracil and Thyroglobulin * (17385) 

J. A. Grunt and J. H. Leathem. 

From the Bureau oj Biological Research and the Department of Zoology, Rutgers University, 

New Brunswick, N. J. 


The BMR of patients is increased by testo- 
- sterone propionate and suggests that this 
androgen might influence the thyroid gland.^ 
In animals, testosterone propionate has been 
reported to increase mouse thyroid weight- 
and to increase mitotic figure's in rat thyroids.® 
It should be noted, however, that other in- 
vestigators have failed to find an effect of 
testosterone on thyroid weight in mice* and 
rats-" as well as in rats fed thiouracil.®-® Since 
weight was the essential criterion of effect 
and this factor is variable, it seemed more 
plausible to reinvestigate this problem on a 
histochemical basis and the alkaline glycero- 
phosphatase technic was chosen.® This en- 
zyme was not found in the rat th)Toid in 
initial studies®-® but Dempsey and Singer®® 
obtained positive results with longer incuba- 
tion times. Alkaline phosphatase of the 
mouse thyroid has not been described but our 
preliminary studies revealed its presence mak- 
ing possible the androgen study in this species. 

In addition to the effect of testosterone 
propionate on the normal thyroid it was of 

* This investigation was done under contract 
with tlie Office of Nav.il Heseareh, Navy Depart- 
ment. 

1 Kenyon, A. T., Biol. Symposia, 1942, 9, 11. 

2 Selye, IL, J. Endocrinology, 1939, 1, 208. 

3 Nathanson, I. T., Brues, A. B., and Rawson, 

R. W., Pkoc.' Soc. Exp. Biol, and Med., 1940, 43, 
737. 

■4 Lacassagne, A., and Raynaud, A., Comp. Rend. 
Soc. de Biol, 1939, 130, 689. 

3 Leathern, J. H., Proc. Pcnna, Acad. Sci., 1947, 
31, 29. 

0 Scgaloff, N., Endocrinology, 1944, 35, 134. 
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oKahat, E. A., and Eurth, J., Am. J. Path., 

Dempttv, E. W., and Singer, M., Endocrinol- 
ogy, 1940, 38, 270. 


interest to determine whether the androgen 
would influence a thiToid gland altered by 
thiouracil or thyroglobulin feeding. Changes 
in physiological state may alter the alkaline 
phosphatase concentration. For e.xaniple, 
stress induced bji cold reduced enzyme con- 
centrations®® but no definite conclusions were 
drawn from thyroids of 2 rats fed thiouracil.®® 
Kroon®® observed an increased alkaline phos- 
phatase in the distended thyroid blood vessels 
following thiouracil feeding to rats. Hj'po- 
physectomy did not effectively alter the al- 
kaline phosphatase of the rat thyroid follicle.®-’ 
The influence of thiouracil or thyroglobulin 
feeding alone on the mouse thyroid is pre- 
sented. 

Twenty-two da}! old Swiss albino female 
mice were used and maintained on Purina 
Fox Chow. Groups of 7-11 animals were 
given testosterone propionate (Perandren, 
Ciba*) in a single injection of 0.05 mg, 0.10 
mg, 0.20 mg, or 0.50 mg when 32 days old. 
One group of 5 animals received a single in- 
jection of 2.5 mg of the androgen. The mice 
were sacrificed 7 days later. Control mice 
were autopsied at 32 and 39 days of age. 

To stud}! the influence of h}'po- and hyper- 
thyroidism alone and with testosterone pro- 
pionate, 0.25% thiouracil or 0.1% thyro- 
globulin (Proloid) was incorporated in the 
Fox Chow diet. The drug feeding -was started 

11 Dempsey, E. W., Ann. of X.V. Acad. Sci., 
1949, 50, 33G. 

12 Kroon, D. B., Acta Endocrinology, 1949, 2, 

ooj- 

13 Dempsey, E. W., Greep, R, 0., De.inc, II. W., 
Endocrinology, 1949, 44, 88. 

t Testosterone propion.ite (PeKintlren, Cib.i) 
was supplied by Dr. E. Oppciilioimer, Ciba I’liar- 
niaceutical Products, .Suininit, A'. J., Tliiour.icil 
(Deravet) was supplied by Dr. Jl.irk -Welsb, 
Lederle I.abor.if ories. Pearl River, N. Y., .ind 
Thyroglobulin (Proloid) w.is provided by Dr. 
Robert Kroc, The Maltine Company, Morris Plains, 

N. .T. 
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TABLB n. 

"■ - Lvsozrme titer in 

_ . units/c or cc 

Specimen I 

1. Human fetal tissue (13 rrk) 

a. urhole intestine 

b. thigh muscles ' 

c. lung 
(1. iliac bone 

e. skin 

f. placenta 


2. Hog amniotic fluid 

3. Two full term placentas (human) 

4. Endometrium (human) 

a. 14th day of cycle 

b. 26th day of cycle 

c. 3rd day menstrual discharge 

d. bloody discharge following 4 months miscarriage 

5. Nephrotic urine (normal urine — less than 1) 

0. Pus 

a. from acute staphylococcal abscess over elbow joint 

b. from chronic Clostridium icclcJiii peritoneal abscess 

c. from chronically infected pilonidal abscess (anerobic strep.) 


7. Mass cultures of intestinal flora in two patients with chronic 0 ; 0 

ulcerative colitis 

S. Stool from cases of acute gastroenteritis due to 

a. Snlmonrlia li;pliimurium fl.3 

b. P.aratyphoid B 11.5 

fl. Paratsyihoid B culture 0 

10. Acute non-s])Cci{ic infantile diarrhea-stool 

a. 1st day of disease Ifl.") 

b. 7th day of disease 5 

11. Dog gastric juice 

a. under ane.sthc.sia 2. .3: 1.6: 5.5 

b. conscious (acidity 0/4, 0/2S) 5.3: 21.3 

12. Enterocystoraa fluid (small bowel mesentery) 125 


39.S 

33.4 

13.3 

25.0 
10 

100 

100 

0 

22.0 61.6 


S.l 

14.8 

27.5 

18.5 

6 


237 

80 


maining in the gut over time. It is consid- 
ered that this explains the two-way variation 
in these 3 cases. 

A comparison of these values to those pre- 
viously reported in chronic ulcerative colitis, 
norm.al subjects, and normal subjects with 
purging shows the definile elevation of lyso- 
zyme concentration in regional enteritis. This 
confirms the results in the 6 cases already 
reported. 

In addition, 3 samples of mucosa from re- 
sected segments of involvetl ileum were as- 
s.aye<l. They contained 12, 66.6 and 36.2 
unit.'; 'g oi muco.s.a respeclivcly. 


These data confirm the previously published 
impression that regional enteritis is a disease 
characterized by high lysozyme concentra- 
tions in the stool and in the mucosa. The mu- 
cosal assays suggest that the pathogenesis of 
this entity is identical with that of chronic 
ulcerative colitis, and that the pathological 
differences between them are caused by the 
variable response of any one tissue to injun,’. 
The cause of the localization of increased mu- 
cosal lysozyme in any one gut segment is not 
known. 

The lysozyme tilres associated with the 
norm.al gastrointcstin.al tract, peptic ulcer, 



220 


Lysozyme in Regional Enteritis 


phosphatase concentration suggesting the use 
of histochemical technics to evaluate steroid 
hormone actions on the thyroid and at the 
same time emphasizing the importance of the 
physiological state of the end organ and its 
effect on anticipated results. 

Sumtitary. Testosterone propionate defi- 
nitely increased the cytoplasmic alkaline 
phosphatase in the follicular cells of the mouse 
thyroid when dosages of 0.5 mg or more were 


used. Thiouracil (0.25%) induced marked 
hjTierplasia in 17 da 3 rs and virtually elim- 
inated the alkaline phosphatase in the fol- 
licular epithelium whereas thyroglobulin 
caused a follicular cell atrophy without loss 
of the enzjTue. Testosterone propionate did 
not influence the thyroid alkaline phosphatase 
in the presence of thiouracil or thyroglobulin. 


Beceired Septemhei- 0, 1949. P.S.E.B.M., 1949, 72. 


Lysozyme Titres in Regional Enteritis, Miscellaneous Tissues, Micro- 
organisms, and Excreta.* (17386) 

John F. Prudden, Nathan Lane, and Joan Levison. 

(Introduced by Karl Meyer.) 

From the Department oj Surgery, Columbia-Presbytcrian Medical Center, Neiu York City. ■ 


The apparent increase in the lysozyme con- 
tent of the stools in regional enteritis has 
already been reported.^ At that time the 
proposition that lysozyme is a local initiat- 
ing agent in the pathogenesis of this disease 
(as well as in chronic ulcerative colitis) was 
advanced. The circumstantial evidence sup- 
porting this conclusion was reported there and 
in an accompanying article discussing the 
probable etiologic role of lysozyme in peptic 
ulcer.- 

Only 6 cases of regional enteritis were re- 
ported at that time; it therefore appears de- 
sirable to supplement this evidence with that 
subsequent^ obtained. 

The values in the additional cases studied 
appear in the table. All were regional ileitis 
with involvement of varying lengths of bowel. 
The disease process ceased at the ileo-cecal 
valve in every instance. The assays were 
done bj' the viscosinfetric technic of Meyer.® 

The results were markedlj' uniform except 

‘Simported in part by the Kcscarch Grants 
Division of llie V. S. Public Ilc.'.lth Service. 

1 Jte.ver, K., Gelhorn, A., Prudden, .T. F., Lcli- 
inan, W. L., and Steinberg, A., Am. J. Med., 194S, 


196. 

Mever K., Prudden, J. F., Lclunan, M . 
i'nb^rg. A., An.. J. Med.. 194S, 5 4S2. 
Meyer, K.. and Ilahnel, E., J. •»'<>?• 
0, 1G3. 733. 
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for 2 low titres and one quite high one. The 
former were from constipated patients and 
the latter individual had marked diarrhea. It 
has already been noted that the rate of fecal 
e.xpulsion influences the stool titre, particular- 
ly when the disease process does not extend 
to the descending colon. This depends upon 
the gradual inactivation of fecal l).soz 3 'me re- 


TABLE I. 


Case 

Lysozyme concentration 
in units/g of stool 
(wet wt) 

B.v.soz.vmc output 
per d.ay in units 

1 

17.S 

1,727 

O 

3.0 

— 

3 

14.8 

17,538 

4 

18.2 

1,170 

5 

32.9 

3.258 

6 

OJ o 

— 

7 

1.7 

1,120 

8 

oo 

2,910 

<) 

h.4 



10 

oo o 

— 

11 

14.3 

— 

12 

17.0 

— 

1.3 

20.4 

— 

14 

o5.0 

15,817 

Jleaiis 

19.8 

0,220 


Avg stool lysozyme values in 

normal individuals (1) 2.7 loS 


Avg stool lysozyme values in 
purged individuals (1) l.C 

Avg stool lysozyme values in 

chronic ulcerative colitis (1) /S.G 2d..7dS 
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Viral Agglutination of Saponin-Lysed Chicken Erythrocytes. (17387) 

Hakold N. CARiisiE AND R. P. Eleod. (Introduced by Donald Slaughter) 
From the Department oj Microbiology and Public Health, School of Medicine, University of 

South Dakota, Vermillion. 


The results oi recent studies concerning the 
mechanism of hemagglutination by viruses 
have brought out certain facts pertaining to 
the presence, on or within the surface struc- 
ture of agglutinable erythrocytes, of receptor- 
like substances which can be removed by 
appropriate procedures. It has been estab- 
lished, ‘ for example, that treatment of human 
group 0 erythrocytes with a filtrate of a broth 
culture of Vibrio comma results in a suspen- 
sion of cells which have lost their capacitx’ to 
adsorb or be agglutinated by influenza virus. 
It appears that substances with such receptor- 
destroying properties produce no drastic al- 
teration of the red cell architecture. This is 
evidenced by the fact that treatment of a 
suspension of chicken erythrocytes with in- 
fluenza virus renders the cells receptor-free 
without producing any obvious change in the 
appearance of the suspension or in the mor- 
pholog}- of the component cells. On the other 
hand, normal chicken er\-throcytes which have 
been lysed, or partially lysed, by mechanical 
trauma, water, or dilute saponin retain the 
ability to adsorb'-’-® and be agglutinated^ by 
influenza virus, h consideration of these facts 
raised the question as to whether a hemolytic 
agent such as saponin has no effect on the 
surface receptors or whether additional ‘dn- 
tern.aV’ or ‘‘nuclear’’ receptors are exposed by 
the lytic process. The present paper provides 
information in support of the former possi- 
bility in that it is shown that chicken eryth- 
rocytes rendered inagalutinable by treatment 
with influenza virus are not agglutinated by 
the viru.s after lysis in dilute saponin. Ex- 
periments in this connection were prefaced by 
a quantitative study of the agclutinabilitv of 

’ lUun. t. 1', M., Itrxt. .1. r.xp. Path.. 19-lG, 27, 
2 -.'* 

-Hirst. 0. K.. J. Mnl., lOi’Z, 7«, 1?3. 

" l.njm.ntinviHi. S.. .nii.l Minlomriii. N., Ptv. Soc. 
Jrruniiv.n 104 n. 

<C.irIitIo. it. N„ ;ujct Ktroii. R. I’., .‘.•or. .-Ifi. 
Rrct. Tror. MitHr.ijr, mm. u. no 


saponin-lysed normal erythrocytes by the 
virus, ilethods were developed for the prep- 
aration and use of suspensions of lysed cells 
in agglutination and inhibition titrations. 

Preparation of suspensions of lysed cells. 
It was observed that if chicken erythrocytes 
were lysed with saponin by appropriate pro- 
cedures, resulting suspensions were homo- 
geneous, colorless, and opaque. Examination 
in a wet mount by ordinary or phase micros- 
copy revealed the presence of particles which 
superficially resembled erythrocyte nuclei. 
The periphery, however, was not discrete and 
had a coarsely granular appearance. A con- 
siderable amount of amorphous e.xtranuclear 
material, apparently stroma, was seen in 
heavily stained films. 

Lysed cells can be used in agglutination 
(CCA) and -inhibition (CC.-\I) titrations, 
set up according to the Salk method,® only if 
the suspensions are prepared properly. It was 
found that almost every step in the procedure 
is critical. The ratio of number of cells to 
volume of saponin is of some importance, but 
of more importance are the concentration 
of saponin and the time the cells are 
allowed to remain in the saponin before cen- 
trifugation and washing. The lysing pro- 
cedure that was adopted is as follows; one 
ml of adequately washed and packed chicken 
erythrocytes are added to 100 ml of 0.125(:i) 
saponin. The cells are allowed to lyse for 6 
minutes with constant shaking by hand. The 
suspensions are centrifuged at low speed 
(1800 R.P.M.), and are washed t-vvicc and 
resuspended in 0.95:J: NaCl. 

Suspensions of lysed cells prepared in this 
manner were used in the early phases of the 
work. CC.\ and CC.-\I tests were not easy 
to read, however, in that the pellets and ag- 
glutination patterns were colorless. This 
situation was remedied by the addition of 
2-3 ml of a O.S^c aqueous methyl green solu- 

5 Salk, Jt. E., J. Jmmur.ol.. 40, S7. 
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chronic ulcerative colitis, body fluids and se- 
cretions, hyaline cartilage, and granulation 
tissue have previously been reported on de- 
tail.^"^ It is the purpose here to record ad- 
ditional noteworthy assays. 

The results are shown in Table II. 

hlany of these findings cannot be discussed 
because of lack of knowledge concerning the 
physiologic role of lysozyme. Some determi- 
nations, however, deserve comment because of 
their relation to inflammatory intestinal dis- 
ease. For example, high stool lysozyme titres 
apparently are not a necessary corollary to 
acute specific gastrointestinal inflammation 
(see 8 in table). On the other hand, a previ- 
ously reported^ case of acute amebic dysentery 
had a stool titre of 38 units/g (upper limit of 
normal stool lysozyme concentration is about 
9 units/g). Likewise, one case of acute non- 
specific diarrhea in an infant had a high stool 
titre which fell rapidly to normal over 7 da3's 
(see 10 in table). This case had no gross or 
occult blood in the stool. 

The high lysozyme content of one of the 2 
canine gastric juices obtained by Levine tube 
aspiration without anesthesia (? psychic stimu- 
lation) is of interest because a great many 
determinations on dog gastric juice, gastro- 
intestinal mucosa, and stools in the absence of 
exciting or disturbing factors have been uni- 
formly less than 6 units/g or cc. 

The absence of any lysozyme in the mass 
cultures from chronic ulcerative colitis cases 
(see 7 in table) confirms the impression that 
intestinal lysozyme is not bacterial in origin. 

Summary. The stools of 14 regional enteritis 
cases possessed a mean lysozyme content of 

•iPrudclen, J. P., Lane, N., and Jlcyer, K., to 
be published. 


19.8 units per gram of stool (wet weight) and 
a mean daily output of 6,220 units. This is 
7.34 times the mean lysozyme content of nor- 
mal stools and 39.4 times the mean daily 
output in the stools of normal persons. These 
data, together with the e.xperimental produc- 
tion by lysozyme of ulcerations in the canine 
alimentary tract,- indicate that Ij'sozyme is 
an etiologic agent in the pathogenesis of re- 
gional enteritis. 

A survey of various microorganisms, tissues, 
and excreta revealed generally high titres in 
fetal tissues and placenta, moderately high 
levels in endometrium with a suggestion of 
cyclic variation, and ver 3 f large amounts in 
pus and in fluid from an enterocystowa. Low 
titres were found in the stools of two acute 
specific dysenteries and in canine gastric juice, 
with no measurable amounts in mass cultures 
from two chronic ulcerative colitis cases and 
one parat 3 T>hoid B culture. A case of acute 
infantile diarrhea e.xhibited a very high titre 
on the day of onset in the absence of organic 
pathology or specific infection, falling rapid- 
ly to normal with recovery. 

It is felt that the generally high titres of 
fetal tissue suggest the possibility of an 
important role for lysozyme in the chemistry 
of actively growing normal tissue. The ab- 
sence of lysozyme in the colitis mass stool 
cultures substantiates the conclusion that in- 
testinal lysozyme is not bacterial in origin; 
and the moderately' low levels in the specific 
dysentery' stools indicate that acute colitis is 
not necessarily accompanied by a high stool 
lysozyme titre. 

We acknowledge the generous advice of Dr. Karl 
Meyer and Dr, John S. Dock'wood. 

Receired September 7, 19i9. P.S.E.B.M., 1949, 72. 
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TABLE I. 


Agglutinability of Normal and Kceeptor-Etee Erytliroeytcs Before :ui(l After Saponin Lvsis. 






Virus dilution.? 




'lO 

100 

200 

400 

soo 

IGOO 

3200 

. Saline 

Norma!, Ivscd 

-r-f* 

“f-r 

-f-b 


-^4. 

-bB 

ER 

PP 

Receptor-free, lv.se(l 

PR 

pp 

PP 

pp 

pp 

PP 

I’P 

. PP 

Norniai, jiot Ivsed 





-f-b 

4-4- 

PR 

PP 

Receptor-frec, not !y.sed 

pp 

I’p 

in* 

I’p 

pp 

pp 

PP 

PP 


* Duplicate tubes. 

-f- Coinpk-te agglutiiialion. 

K — Iliug, partial agglutination. 
I’ — Pellet. 110 agglutination. 


agsiutinability of saponin-lysed cells by the 
virus is. in all probability, due to unaltered 
surface receptors and not to any substance 
tLssociated with the nucleus. This interpreta- 
tion is valid, however, only if it can be as- 
sumed that virus particles do not penetrate to 


the interior of the erythrocytes during treat- 
ment with the virus. That such a process 
could occur seems unlikely in view of present 
knowledge concerning the interaction between 
red cell and virus. 

Received .September 7, 1P49. P.S.E.B.M.. HMP. "2. 


The Tinctoral Demonstration of a Glycoprotein in Whipple’s 
Disease. (17388) 

B. Black-Schaffer. (Introduced by 0. C. Hansen-Pruss.) 

from tlt( DeparlmaU oj Pathology, Duke Vmversity School oj Medicine, Durham, X. C. 


Tile etiology and pathogenesis of Whipple’s 
Disease (liixidystrophy intestinalis), a clinical 
syndrome similar to sprue, has been a subject 
of speculation since its original description.* 
•X.s ibs synonym implies, it is believed by most 
observers to represent an obscure disturbance 
of iai metabolism. 

Black-Schaffer. Hendrix and Handler'- re- 
ported a study of 4 cases which led them to 
the following conclusion; The disease, in 
contrast to .«pruc. may be readily recognized. 
nnaloniically, by non-lipid macrophagocyto- 
in the Lamina propria of the small intes- 
tine and occasionally the proximal colon, lipo- 
granulomatosis of the mesenteric lymph nodes, 
absence of signifiaint evidence' of chylous 
oiistriiction: and clinically, poor fat. glucose 
and proi'.ildy protein absorption and the ab- 
sence o! macrocytic ancmi.a. 

t \\ liigple. r,. H., .lo/ifts JIo‘p. Dull 

I'.'iiT. i«, .ase. ’’ 

- t s.-liniT.r. V... HriKlriv. ,T. V.. Jl.njidlc.-, 
1’.. -t-, .1. V.ith.. V.HS. 2t. 077. 


The characteristic intestinal lesion is a 
crowding of the lamina propria by macro- 
phages containing an isotopic refractile sub- 
stance which Whipple found unstainable with 
osmic acid. This observation has been repe.it- 
cdly overlooked in the literature, almost all 
authors assuming a lipid nature for this curi- 
ous .substance. The study of Black-Schaffer, 
Hendrix and Handler confirmed Whipple’s ob- 
servation. In 3 cases* the phagocA'tosed ma- 
terial did not stain with Sud.in I\', and 2< 
were likewise negative with Nile blue sulphate 
as well as osmic acid. Chemical analysis of 
the intcslin.ll mucosa of two cases revealed no 
increase, over normal controls, of the lipid con- 
tent. 

The characierislic enlarged, cystic, fal-fdlcd 
mesenteric hTnph nodes (lipogranulomatosis) 
are so prominent that they h.ivc dominated the 

* No fiiitnble mattrial v.-is .unilnblo from one 

* Xf> ^uliahh? ftmtf'fi.'jl nvniLn!)Ic from 2 
ensc®. 
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tion to the 100 ml of saponin used for lysis. 
In this manner, the erythrocytes were lysed 
and stained simultaneously. The use of 
methyl green stained suspensions definitely 
facilitated the reading of agglutination and 
inhibition titrations. Pellets were blue-green 
in color and the supernatant was colorless. 
The staining procedure did not affect the ag- 
glutinability of the particles. It appears that 
methyl green does not have the sensitizing 
effect in this reaction that it does in certain 
other agglutination systems.® 

Use oj lysed cells in CCA and CCAl tests. 
Suspensions of lysed erythrocytes were used 
to measure the CCA capacity of allantoic 
fluids containing the PR8 and Lee strains of 
influenza virus. Antisera against these agents 
prepared in chickens and rabbits were utilized 
in the CCAI titrations. All tests were set up 
according to the method of Salk.® When 
methyl green stained suspensions were used, 
pellets, rings and positive patterns were as 
discrete, and end-points were as definite and 
readable as in parallel control titrations in 
which normal erythrocytes were used. How- 
ever, since the particles in the suspensions of 
lysed cells were smaller than erythrocytes, 
they sedimented more slowly, and a longer 
time was required for good pellet formation. 
All tests were read after storage overnight at 
approximately 4°C. 

The end-points of agglutination titrations 
were governed by the concentrations of the 
suspension. of l 3 ^sed cells. As the concentra- 
tion was decreased, the agglutination titer of 
virus preparations increased. Since this rela- 
tionship between concentration and titer e.x- 
isted, suspensions of lysed cells could be 
adjusted with saline so that they yielded the 
same end-points as were obtained in parallel 
titrations of virus against normal erythro- 
cytes. And, if such adjusted suspensions 
were used in inhibition titrations, end-points 
were the same as when er.vthrocytes were 
used. It was determined that suspensions of 
l 3 'sed cells which gave these similar titers con- 
tained 2.5 times as many particles per unit 
volume as did the 0.25% erythrocyte suspen- 
sion used i n the control tests. The signifi- 
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cance of this observation is being considered 
and will be discussed in a later communica- 
tion. 

Experiments with rcccptor-jrcc erythro- 
cytes. From the results obtained with normal 
er 3 'throcytes it appeared that saponin had no 
effect on the receptors concerned in the ag- 
glutination of the cells b 3 ' influenza virus. 
The possibility existed, however, that the sur- 
face receptors were destroyed and that addi- 
tional receptors located M’ithin the cell were 
exposed by the lytic process. In view of this 
contingency, it was decided to investigate the 
agglutinability of suspensions of lysed cells 
prepared from chicken er 3 dhrocytes which 
had been rendered inagglutinable by treat- 
ment with virus. Receptor-free cells were 
prepared by the following method; One ml 
of adequately w-ashed and packed erythro- 
C3de5 was added to 9 ml of undiluted PR8 
allantoic fluid (Salk titer, 2560). The virus- 
cell suspension was placed at 37°C for 6 
hours, and was shaken gently every 30 min- 
utes. The cells were then ivashed twice with 
0.9% NaCl and packed to the original volume, 
one ml. The amount of hemolysis and change 
in color which occurred during the incubation 
period were negligible and did not exceed that 
observed in a similarly incubated 10% sus- 
pension of normal cells in saline. Receptor- 
free cells prepared in the above manner were 
not agglutinated b 3 ' the virus. When used in 
Salk titrations, the pellets obtained in tubes 
containing virus were as well-formed as those 
in either the treated cell-saline or the normal 
cell-saline control tubes. 

Virus-treated erythrocytes were lysed with 
saponin according to the method described 
previously. The resulting suspensions were 
indistinguishable grossly and microscopically 
from suspensions of lysed normal cells. They 
w-ere not, however, agglutinable by influenza 
virus. Table I summarizes the results of one 
of three identical e.xperiments in this con- 
nection. 

Comment and conclusions. From these ex- 
periments it would seem that saponin has no 
effect on the receptors responsible for the ag- 
glutination of chicken er 3 ''throc 3 ’tes b 3 '^ influ- 
enza virus. Internal receptors, if such exist, 
are not e.xposed during the lytic process. The 
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live. On the other hand the mucicarmine 
stain’ for mucus lends a faint tint to the 
phagocylosed substance. This, plus its in- 
solubility in water— properties akin to those 
of the glycoprotein mucin which also stains 
scarlet to red with periodic acid — indicates 
that the polysaccharide is bound to a protein, 
thus constituting a glycoprotein. 

The diminished fat, glucose, and possibly 
protein absorption by the small intestine in 
Whipple's disease indicates that its etiology 
resides in a disturbance of function of the 
intestinal epithelium. It is probably this de- 
fect which permits absorption of the unusual 
glycoprotein which may or may not be re- 

Mrillory. F. B.. Pathological Technic, \\\ Ji. 
S:uiin]ers Co., Philadelphia, 103S. 


lated to the mucin discharged into the enteric 
lumen by the intestine itself. At any rate, the 
presence of this readily demonstrated glyco- 
protein in the intestinal mucosa and mesen- 
teric h-mph nodes, indicates that Whipple's 
disease is more than an obscure defect in fat 
metabolism and is certainly not the result, as 
is commonly suggested, of a block of the mes- 
enteric lymphatics. Thus the name lipodys- 
trophy intestinalis, first proposed by Whip- 
ple and currently in use, would seem to be 
inappropriate. It would appear desirable to 
return to the eponjan ‘‘Whipple’s disease” un- 
til a name denoting the nature, rather than 
a complication, of the disease is forthcoming. 

Itecc’ivi'd .‘roptpmbcr 0, 1049. P.S.E.B.M., 1949, 72. 


Inhibitor!- Effect of Cow’s Milk on Influenza ^'^irus Hemagglutination,*’ 

( 17389 ) 

Frank Lanni, Yvonne Thery L.anni, and J. W. Beard. 

From llir Department oj Siirjcry, Duke University ScbopI of Medicine, Durham, .V. C. 


The development of theories on the mech- 
anism of infection by influenza viruses has re- 
ceived considerable encouragement in the past 
few years from studies of the interaction be- 
tween these viruses and inhibitors of virus 
hemagglutination found in various mam- 
malian and avian fluids.’'' For some lines of 

• Till!! worl; was sunportcd by the Commission 
on JiUliK’nzn, Army Einctcmiologic.nl Board, Office 
f>f ttic Surpeon General. U. S. .Vrmy, Wnsbinglon, 
D.C., and by a rcsearcli pr.ant from tlie National 
< ancor In-titute, U, S. Public IlcaUh .Service. 

' Burnet, P. M., Laiiert, 194S, 2jl, 7. 

- Hirst, 0. K., J. Dxp. Med.. 194S, 87, 301, 315, 

■' Ijaiud. F.. and Beard, .T, W., Pr.oc. Soc. Ext*- 
Biol, .kno Mm., 194S, <i 8 , 443. 

< Anderson, S. G.. Burnet, F. .M., F.azebns de St. 
(•riitU. S.. Mt'Cren, , 1 . F., and Stone, .1. H., Mtatr. 
.1. Urp. i;„d. and Mt d. Set., 194?, 20, 403. 

•'Svedmyr, A., Brit. .T. Vxp. rath., 1945, 2», 
■J95. .309. 

Hard.v. P. H., Jr., nnd Horsfall, F. L., Jr., 
d. r.jp. Med.. 194S, 88 , 40.3. 

' Francis, T., ,Ir,. and Minute, E,. Pr.oc. Soc. 
P.M'. Biol. .\ni> Mm.. 194S. Oft, 291 . 


inquiry it is desirable to compare the proper- 
ties of several fluids, as well as those of the 
inhibitors isolated from them. It is of in- 
terest, therefore, that cow’s milk, a fluid 
readily available in considerable quantity, 
e.xerls an inhibitory effect on virus hemag- 
glutination. Some aspects of this inhibition 
phenomenon are described in the present 
report. 

Materials and nictfwds. Fresh raw milk 
was obtained from individual cows or as a 
pool from a commercial distributor and was 
skimmed by centrifugation in the cold room 
in the laboratory. The cream, which carried 
an insignificant part of the total inhibitory 
activity, was lifted off with a spatula and dis- 
carded. If necessary, the milk was rccentrt- 
fuged to remove residual cream or sediment. 
Raw skim milk { RSM ) . le.ss than one day old. 
was used for most of the experiments: if in- 
tenderl for use after one day, the milk w.ts 
preserved with 1:5,000 Merthiolate (Lilly), 
which was found not to affect the inhibitory 
activitv. 
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Glycoprotein in Whipple’s Disease 



Fig. 1. 

A. The tnucosG of the small intestine in Whipple’s clisense occupied bv macrophages filled 
■n-ith glycoprotein, stained by MacManus’ modification of Schiff’s periodic acid stain. The 
mucin of the “goblet cells’’ in the glands shows identic.al tinctoral properties. 

B. Macrophages and giant cells in a mesenteric Ij’mph node of Whi])ple’s disease, revealing 
the presence of glycoprotein granules (in the photogr.aph black) and lipid (colorless vacuoles). 
In the lower right corner are macrophages replete ivith glycoprotein and identical to those 
pictured in A. 


approach to the problem. 

Careful examination of the nodes revealed," 
adjacent to sudanophilic macrophages, others 
containing sudanophobic substance similar in 
all respects to that described in the intestine. 
.As a consequence of the pathologic anatomjq 
the histochemistry and the chemical analyses, 
a pathogenesis of the lesions was proposed." 

The present report is occasioned by the 
identification of the unknown phagotaxic sub- 
stance as a glycoprotein. When sections of 
the intestines of 4 cases were treated with 
Schiff’s periodic acid stain^-'* the phagoc)'- 
tosed material in the mucosa stained deep 

scarlet (Fig. 1). ^ , 

The lymph nodes of 3^ of the cases con- 

Technology, 19-18, 

33 99. 

4 ’ Hotchkiss, E. D., Arcli. Biochem., 1948, 10, 131. 
i Material is unavailable from one c.a.se. 


firmed the studies" of the fat-stained tissues. 
Many macrophages, in fact, surprisingly many, 
color a brilliant scarlet. iMost of the giant 
cells surrounding the large masses of fat con- 
tain the same red substance (Fig. 2). Frozen 
sections treated with periodic acid and Sudan 
IV demonstrate lipid and poh'saccharide side 
b)' side within the same macrophages. There 
is, however, no coalescing of the glycoprotein 
material to form amorphous masses as does 
the fat. 

The periodic acid stain depends upon the 
oxidation of a 1-2 glycol bond in a polysac- 
charide forming polyaldehydes which there- 
upon take up the fuchsin of Fuelgin’s reagent. 

The polysaccharide containing material is 
insoluble in water, being present in apparentl)’ 
undiminished amounts after as long as 13 
years in aqueous Kaiserling solution. Best’s 
carmine stain® for glycogen is uniformly nega- 
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Table 1, the individual titers are remarkably 
uniform and have values 1 to 2.5 times as 
great as those of the commercial pool. Titers 
similar to these were obtained on all other 
occasions when individual milks or pools were 
tested. .Accordingly, one may conclude that 
inhibitor}- activity is a characteristic property 
of cow's milk. 

Heat stability of the htliibilor. Samples of 
undiluted commercial RSM, prepared by cen- 
trifugation, were heated in a boiling-water 
bath for varying periods, cooled, and titrated 
for residual inhibitor}- activity against heated 
swine influenza virus. Raw and pasteurized 
samples of whole and skim milk were also 
tested. The results, presented in Table II, 
show that the inhibitory activity of RSM is 
similarly reduced by commercial pasteuriza- 
tion (30 minutes at 71°C) and by heating at 
lOO'C for 2 minutes. Heating at 100°C for 
periods greater than 2 minutes produces very- 
little further change. Pasteurization of raw 
w/iolc milk, carried out by a different process 
(20 seconds at 72°C), has little effect on the 
inhibitor. 

From the results with heated RSiM, it 
would appear that the inhibitory- activity is 
associated either with a single substance which 
has both heat-labile and heat-stable aspects, 
or with two substances which differ in heat 
stability. It is interesting that the gradient 
of inhibition is much more shallow with 
heated than with unheated skim milk (Table 
II). On the assumption that the inhibitory- 
activity of milk is associated with a single 
substance, this difference in gradient is in- 
terpreted to mean that the inhibitor becomes 
weaker, rather than simply more dilute, dur- 
ing heating.^ Unpublished e.vperiments 
nith the egg-white inhibitor, which is remark- 
ably thermostable, have shon-n a similar 
weakening of the inhibitor only- after pro- 
longed heating (1 hour or more) at lOO'C. 

Mechanism of whibition. To determine 
whether the inhibitor in milk acted on the 
virus or on the red cells, an e.vperiment was 
carried out in which RSM dilutions were in- 
cubated for varying periods with heated swine 
Virus or with red cells before the second rc- 

» K.. ,-111(1 Bcanl~a. W., Peoc. .Soc. Evr! 
V.io’... ANoMrn.. ti. 
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INCUBATION TWE WTH FIRST REAGENT -MIN 


Fig. 1 . 

Intlibitioii titer as a function of tlie order of 
addition of chicken red blood cells and boated 
swine influenza virus to dilutions of raw skim milk 
and tlie time of incubation at with the re- 

agent added first, 

agent (red cells or virus) was added. Except 
for this modification, the general set-up of the 
tests was like that of the routine inhibition 
titrations. In all cases readings were made 
one hour after the second reagent was added. 
The results, plotted in Fig. 1. show that, 
when RSM dilutions are first incubated with 
red cells, the inhibition titer is low and inde- 
pendent of time of incubation. In contrast, 
when RSM dilutions are first incubated ivith 
heated virus, the titer, initially low, rises to 
a high level as incubation is prolonged. This 
sort of result has been obtained also in similar 
e.\periments with egg-white’’ and saliva.’" It 
may- be concluded that the inhibitor in milk 
is effective through its capacity to combine 
with virus. 

Comparison of heated and vnheated virus. 
Francis” showed that the inhibitory effect of 
normal serum is greater against suitably- 
heated than against unhealed virus. This 
difference in susceptibility of healed and un- 
healed virus to inhibition, e.xplained in terms 
of a capacity of unheated virus to destroy in- 
hibitor and the loss of such capacity on heat- 
ing’--' has been observed also with milk. Thus, 
when unhealed swine virus was incubated for 
vaiying periods with RSM dilutions before 
the addition of red cells, the conventional in- 
hibition tiler rose to about 64 after 5 minutes 

K'ScUsnm. .T. H., F.. .-imJ BenrJ, J. VT., 

ItnrrmnoJ,, in prcF.**. 

Francis. T.. Jr., J. 1P47, 85, 3, 
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TABLE I. 

Inhibitory Activity of Baiv and Pasteurized Skim 
Milk Against Hemagglutination by Heated Svrine 
Influe nza Tims. 

Cow Type of milk Titer 


iilJJ, ilHii 


' is cc cc fc CO 


iiiiii 


CO « CC CO « M 


Commercial pool 


Pasteurized* 


* 30 min. at about Tl^C by a vat process, 
t Conventional endpoint. The slope of the in- 
hibition curve was verj- shallow. See Table II and 
its discussion. 


Routine inhibition titrations were per- 
formed by the constant virus-varying inhibi- 
tor technic,® employing 3 to 4 hemagglutinat- 
ing doses (HD) of purified swine influenza 
virus,® which had been heated for 30 minutes 
at S3°C. In these routine tests virus was first 
incubated with inhibitor for 30 minutes, then 
red cells were added, and readings were made 
after an additional hour at room temperature. 
The inhibition titer of a fluid is expressed as 
the reciprocal of the final dilution of the fluid 
in the reaction mixture (composed of 0.5 ml 
inhibitor dilution, 0.5 ml virus suspension, 
and 1.0 ml 2% chicken red blood cells) giving 
the standard two-plus (-) — j-) endpoint of 
hemagglutination. Buffered saline, consisting 
of 0.81% sodium chloride and 0.005 M phos- 
phate at pH 7.3, was the diluent throughout. 
Details of other types of inhibition tests are 
given with the description of the experiments. 

Experimental. Survey. Samples of RSM, 
prepared from the individual milks of eight 
cows, were tested for inhibitory activity 
against heated swine influenza virus, with the 
results shown in Table I. Samples of a com- 
mercial pool of skim milk before and after 
pasteurization were included.l As seen in 

S Larnii, F., Sharp, H. G., Eckert, E. A., HiBon, , 
E. S., Beard, D., and Beard, J. W., J. Biot. Cltcm., I 

1949,179, 1275. , 

i The commercial samples studied in the present < 
investigation were obtained from Durham Daiiy 
Products, Inc., througli the courtesy of Mr. T. J. | 
Ashbaugh, JIgr. ' 
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TABLE lA'. 


Properties of Fractions Obtained from K;»r Skim Alilk (BSM). 


Fraction 
(See text) 

Inhibition 

titer* 

Xitrogen,* 

•y per ml 

Purification 

factor) 

Activity 
partition, ^ 

ESM 

5,000 

5,280 

1.00 

100 

Casein 

410 

3,830 

0.11 

S.2 

Whev 

4.300 

1.130 

4.0 

SO 

P50 

4.200 

213 

21 

84 

POO 

300 

o5 

o.S 

G.O 

PlOO 

24 

350 

0.07 

0.5 

SlOO 

11 

159 

0.07 

0.2 


* Calcnlatcd to the original volume of BSM. 

t Calculated from the titer-nitrogen ratio mitli reference to the titer-nitrogen ratio of ESM. 


vvhen neutral whey is half-saturated with 
(NRilcSOj. Less than of the inhibitor 
is precipitated from neutral whet’ at 0.33 
saturation and less than 10% at 0.4 satura- 
tion. t 

An example of the results of fractionation 
is given in Table IV. A volume of 10 ml N 
acetic acid was added slowly with vigorous 
stirring to 100 ml pooled RSM, the pH falling 
from 6.6 to 4.6. The precipitated casein was 
obtained by centrifugation, washed with 100 
ml 1% XaCl, triturated with 2 ml 10% 
NaOH. taken up in 100 ml 1% NaCl, and 
neutralized with N acetic acid. The super- 
natant whey was neutralized with 2.5 N 
XaOH and refrigerated for 2 days, during 
which a slight precipitate formed. This pre- 
cipitate, which was found to contain about 
1% of the initial activity and of the initial 
nitrogen, was centrifuged off and discarded. 

1 he supernatant was brought successively to 
0..S. 0.6. and 1.0 saturation with solid 
(XH4 )cSOi. added slowly with vigorous stir- 
ring. The precipitates, designated P50, P60, 
and PlOO, re.spectively, were taken up in 
HjO and dialyzed e.xhaustively through Ih's- 
king casing against repeated changes of buf- 
fered saline in the cold. The final super- 
natant at 1.0 saturation, designated SlOO, was 
dialyzed against running tap water overnight 
and then e.vhaustivcly against buffered saline 
in the cold. .-Ml of the fractions were ana- 
lyzed for inhibitor by the routine method and 
for nitrogen by direct nesslcrization.*^ The 

• .t pf'lulinn cont.iining 7 . So" equivalents of 
(NII|).jSO, per liter is reganletl a s.aturatc'i 
»’ilu;i(in.'' 

I'Lnnni, K,. Hiilon, M. L., and Beard, .T. W., 
^tilimilled for puLlic.ation. 


results show that the inhibitor can be purified 
about 20 times, with excellent recovery, by 
this method. These e.xperiments are being 
continued. 

Discussioit. The non-diah'zability of the 
inhibitor and its precipitability by salt sug- 
gest that the inhibitor is itself a high molec- 
ular weight substance, presumably a protein, 
or is associated with such a substance. 

In its reactions with virus, the milk inhib- 
itor displays the characteristic features of 
other recently discovered inhibitors, such as 
those occurring in normal serum, normal 
allantoic fluid, and egg-white. Thus the in- 
hibitor is more effective against heated than 
against unheated virus and appears to be sus- 
ceptible to inactivation b\’ the latter. For 
this reason, and since all samples of raw milk 
which have been tested possess roughh’’ the 
same inhibitory activity, it may be concluded 
that the inhibitor is a normal component of 
milk rather than a specific antibody produced 
in response to casual antigenic stimulation. 
Experiments now in progress in this labora- 
ton,' indicate that both the milk and the egg- 
white inhibitors can be distinguished readily 
in inhibition e.xperiments from the specific 
antibody which occurs in convalescent anti- 
influenza swine serum. For example, anti- 
body is equalh' effective against heated and 
unheated viruses, while the other inhibitors 
are considerably more effective against heated 
virus. Moreover, the gradient of inhibition 
in the end-point region is much steeper with 
antibody than with milk or egg-white. 

In view of the reported relation between 
other naturallj- occurring inhibitors and muco- 
proteins,*'--!-'^-'^ it is interesting to note that 
a mucoprotein, designated laclojv.ucin, h.as 
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of incubation, and then fell progressively, 
reaching the value 35 after 90 minutes of 
incubation. After 30 minutes of incubation, 
the titer was 48; the corresponding titer 
against heated virus (Fig. 1) was 2150, about 
45 times as great. The decrease in titer with 
unheated virus after 5 minutes of incubation 
is interpreted as evidence of inhibitor de- 
struction by virus. 

Inhibitor dcstniction by virus. Further 
evidence of inhibitor destruction by virus is 
presented in Table III, which shows the re- 
sults of an experiment carried out with whey 
and influenza virus .A (PR8 strain), purified 
as previously described.^- The whey was 
prepared by bringing RSjM to pH 4.6 with N 
acetic acid, filtering off the precipitated casein, 
and neutralizing the filtrate to pH 7.0 with 
NaOH. Progressive dilutions of unheated 
virus were incubated in constant volume with 
a constant amount of whey for varying periods 
at room temperature before red cells were 
added. The results (Table III) show a slight 
initial increase in inhibition followed by a pro- 
gressive decrease, manifested in the partial 
emergence of the hemagglutinating activity of 
the virus. Almost identical results were ob- 
tained with a partially purified fraction, pre- 
pared by half-saturating the whey with 
(NH 4 ) 2 S 04 (see below); and similar results 
ivere obtained with RSM and unheated swine 
influenza virus. The interesting inhibition 
optimum seen in Table HI has been observed 
also with saliva'® and has been explained as a 
consequence of two oppositely' manifested re- 
actions. 

Table III shows also the results of a similar 
e.xperiment carried out with whey' and heated 
PR8 virus. With this virus the inhibition 
increases progressively' as incubation with 
whey' is prolonged, the results emphasizing the 
difference in behavior of heated and unheated 
virus noted above. 

Partial purification oj the inhibitor. Pre- 
liminary experiments directed at fractiona- 
tion have shown that the milk inhibitor oc- 
curs in the whey' and can be recovered almost 
quantitatively in the precipitate which forms 

le Tiiylor, .-V. R., Sli.irp, D. G., Beard, D., Bo-ard, 

.T. M'., Dingle, .1. H., and Feller, -A. E., J. Im- 
munol., 1343, 47, Sfil. 
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TABLE I. 

Concentration of tlie Labile Factor in Xormal Rabbit Plasma.* 


•Stored human plasma, cc 

Rabbit deprothrombinized iilasma, cc 

.090 

.001 

Prothrombin time ( 

.095 
.002 
in sec.) 

Rabbit 

1 

14 

12 

i i 

2 

14 

12 

7 3 

3 

13'.. 

12 

3 3 

4 

14 

11 

3 3 

0 

14'i 

12 

33 

G 

13'.'. 

12 

33 

t 

14';. 

12'.'. 

3 7 

S 

13 

11 

3 3 

9 

14 

12 

3 3 

10 

14 

12 


* The stored Ijnraan plasma had a prothrombin time of 4.5 sec. The rabbit }dasma nas 
treated tvith tricalcium phosphate gel (0.012 M) to remove prothrombin. 


TABLE II. 

Effect of Dicumarol Treatment on Concentration of the Labile Factor in Rabbits and Dogs. 


Prothrombin lime (sec) of mi.vtiire: 


.\uimal 

Day of 
treatment 

Protlirombin time of 
whole plasma (sec) 

Stored human plasma. t cc 
Deprothrombinized plasma 
of animal treated,? cc 

.001 

.oos 

.0012 

Rabbit r 


- 


13 

12 


1 

11 


13 

nu- 


• > 

.S'.. 


13'-. 

ll 



S'*. 


13 

n 


4 

10 * 


12',.. 

10 'i 


r» 

12 


12'-.. 

11 

Rabbit 2' 

0 

0'.'. 


IS'i 

12 


1 

13 


14 

ll'u 


12 

20 


13 

11 


o 

<> 

27 


1.3 

11 


4 

r,3 


1.3 

11 


■’ 

S.3 


1.3 

11 

Dog I 

n 

G 


20 

IG 


1 

11 


•1 

i .3 


>1 

17 


19 

14 


.3 

2.'5 


IS 

1.3 


4 

39 


19 

1.3'.,. 

I t,* 

(1 

0 


IS 

14 


1 

12 



Ifi'.. 


r> 

17 



14':. 


3 

» t 



IG 


4 



noi:. 

IG 


Thf (lata ntTo S'dectetl to .«how that the sensitivitv to dicumarol bears no relation to variations 
of the labile factor. 

t The stored human pla'ma had a prothrombin time of l.l sec. 

: Rabbit ami dog plasma tTero treated tvith tricalcium tdinspliale gd fO.n]; >r) prior to use. tr. 
nmovc protbroiidiiu. 


be accounted for by the methods for determin- 
ing the labile factor (.-\c-globiilin). With the 
method of Ware and Seegers® the variation of 
the labile factor in rabbit plasma ivas found 

siVarc, A. G., and Scegers. IV. II~ .7. 
Clrrt., 172. r,?P. 


to be from 92 to 310 iiniLs and in dog.s from 
15S to 205 units.-' In contrast, the method of 
Quick and Stefanini showed lliat the labile 
factor in rabbit plasma was relatively con- 

9 Murphy. R. C.. and is. cg 
P/..V';or.. 1P4C. i.-,| poj 


;cr-, W. II.. .In. J. 
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been isolated from milk^^ and that the re- 
ported solubility properties of this substance 
are roughly those of the inhibitor. The rela- 
tion between the milk inhibitor and lacto- 
mucin is being investigated. 

Summary. Milk is capable of inhibiting 
hemagglutination by influenza viruses, the 

13 Sorensen, M., and Sorensen, S. P. L., Compt. 
Send. Trav. Zab. CarJsberg, Sir. Cliim., 193S-41, 
23, 55. 


inhibitory effect being greater against heated 
than against unheated viruses. The inhibitor, 
which is non-dialyzable and moderately heat 
stable, occurs in the whey and can be salted 
out by half-saturation ndth ammonium sul- 
fate. Evidence is presented that the inhibitor 
is a characteristic component of milk rather 
than a specific antibody. 

Received Sejit. 13, 1949. P.S.E.B.M., 1949, 72. 


Effect of Dicumarol on Concentration of the Labile Factor.* (17390) 

Ariiand J. Quick and Mario Stefanini. 

From the Department of Biochemistry, Marquette University Schoo! of Medicine, Milwaukee, ll'ii. 


The observation that the loss of prothrom- 
bin activity in stored human plasma could 
be restored by adding to it rabbit or dog 
plasma which was markedly depleted of pro- 
thrombin by means of dicumarol, led to the 
discovery of the labile factor and to the as- 
sumption that this agent is not affected by 
dicumarol.^ The development of a quantita- 
tive procedure for estimating the labile factor 
in blood,- now makes it possible to test the 
validity of this assumption. 

Experimental. Rabbits and dogs were given 
dicumarol orally (5 mg per kilo body weight 
daily) until the prothrombin time became 
markedly prolonged. The prothrombin activi- 
ty was determined by the original one-stage 
procedure.'" For the estimation of the con- 
centration of the labile factor, the method of 
Quick and Stefanini- was employed. The 
method consists essentially in determining the 
prothrombin time of stored plasma after the 
addition of a measured amount of the plasma 
to be tested which has been deprothrombinized 
by adsorption with tricalcium phosphate. The 
reduction of the prothrombin time is a meas- 
ure of the concentration of the labile factor. 


Results. From the data in Table I it can 
be seen that the concentration of the labile 
factor in normal rabbit plasma is remarkably 
constant. This is also true of dog plasma, but 
the concentration is only one-fifth that of 
rabbit plasma.- When dicumarol is adminis- 
tered the prothrombin activity as measured 
by prothrombin time decreases progressively 
and after one week may reach a level below 
one per cent of normal (Table If). In spite 
of this drastic decrease, the concentration of 
the labile factor shows no greater fluctuation 
than may be attributed to the inherent varia- 
tions of the method. It can be concluded that 
dicumarol does not influence the labile factor 
in rabbits and dogs. Preliminary studies in- 
dicate that this is also true in humans. 

Owren,'* FantI and Mance'' and Seegers and 
Ware® agree at least tentatively' that their 
respective agents, factor V, accelerator factor 
and Ac-globulin are the same as the labile 
factor. The finding of Fahey, Olwin and 
Ware^ that dicumarol causes at least a 
moderate decrease in .^.c-globulin in dogs is 
not in agreement with the present results. 

It is likely that the difference in findings can 


" »Tlus investigation was supiKirti'il Iiy a grant 
fiom tl.e Pivi.sion of Roscard. Grants. Xationa) 
Institute of Health. 

1 Quick. A. J., -im- 

•-> Quick. A. .T., and .Stefanini, M., J. Z<‘h. Clin. 
Med.. 194S, 33. S19. 
a Quick. A. .T.. -M-': 


.1 Oivren, P. .A., Btoehent. .7., J94.S. 4.'?, 130. 
Fantl, 1’.. and Nance, M. II., .Med. ,7. .(im- 
tralia. I94S. 1, 98. 

a Seegers, W. 11., and Ware, .V. G., .Im. .7. Clin. 
Path.. 1949. in, 441. 

r Fahey, .1. L.. Olwin, .1. X., and Ware, G., 
Proc. .sor. E.vp. Biot, a.vd Mri).. 194S. tin. 491. 
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Fifi. 1. 

Gnmori’s stain fnr alkaline pliospliatasc. I’roniinent staininp of bile 
oapillarks in tlie normal rabliit liver. Accumulation of pranular J)!ln^^pIlatase 
arouiirl bile canaliciili. !Xotc intracellular brandies. X l-H'O. 



Fig. 

Dilatation of bile capillaries 4 days after biliary obstruction. Xote intra 
cellular ncUvork. X 1400. 


and Furlh.^' Sections were incubated ior 2 
hours. 

Results. The distribution of alkaline phos- 
phatase activity in the normal liver of the 
rabbit vras quite similar to that previously 
describwl in the dog liver;'’ Surrounding the 
distincllj’ outlined bile capillaries, granular 
deposits of alkaline phosphatase were often 
seen.''* Fig. l .shows an intercellularly located 
bile capillary situated between 2 liver cell 
cord.s. From this axial canaliculus, not only 
intercellular blind ending branches, but also 

^K.nbat, F.. A., nnil Furtli, .T., Am. .7. Fnl/i . 
I'.Ut. IT, r.os. 

<•. Dcunc, 11. VC., unit Demprey, E. AV., .tnnl. J.V.-.. 

lota, na. tot. 


short intracellular ramifications are seen to 
spring oft. These intracellular branches often 
stain as black, lines but occasionally show a 
distinct lumen. By using the fine adjustment 
screw under oil immersion, one can be reason- 
ably sure that the short branches lie really 
within the cell and do not represent portions 
of communicating intercellular ramifications. 
Although very short, nob like outpouchings 
are quite common, larger intracellular 
branches, as pictured in Fig, I are not too fre- 
quent in the normal liver. In livers of rabbits 
which survived the experimental biliary ob- 
struction from 4 to 31 days, however, there 
occurred not only marked dilation and tortu- 
osity of bile capillaries but intracellular 



234 


Intracellular Bile Canaliculi in Rabbit Liver 


stant, and was 5 times higher than in dog 
plasma. 

These differences in results are probably 
traceable, at least in part, to technical factors 
of the methods. It appears that the procedure 
employed in this study is more sensitive and 
perhaps subject to less error. Nevertheless, 
when the two methods are applied to normal 
plasmas they yield results which roughly 
parallel each other, and both show a loiv con- 
centration of labile factor in human blood. 
More important but far more difficult to har- 
monize and discuss critically are the differ-' 
ences in views concerning the action of the 
labile factor. Owren, Fantl and Seegers look 
upon this factor as an accelerator or catalyst, 
while the writers conclude that it reacts 
stoechiometrically since a manifold increase 
in its concentration does not alter the pro- 
thrombin time nor the speed of prothrombin 
conversion.^® Recently findings have been 
made which clearly suggest that prothrombin 
in human blood exists partly in an active 

10 Quick, A. J., and Stefanini, H., J. Lab. Clin. 
dJTed., 1949, 34, 973, 


form and partly in a precursor state.^' This 
discovery introduces a new element in the clot- 
ting mechanism requiring evaluation. It is 
likely that the concept that prothrombin per se 
can change its convertibilit)^ or that catalysts 
can alter it, will require reinterpretation. Since 
the one-stage method measures active pro- 
thrombin, and the two-stage probably total 
prothrombin, findings such as those reported 
by Owen and Bollman^® that the two methods 
when applied to dicumarolized blood showed 
marked difference in prothrombin level can be 
explained without postulating a factor which 
changes the rate of conversion of prothrombin 
to thrombin. 

Coiiclusiom. The labile factor of the pro- 
thrombin complex is relativel}'^ constant in 
normal rabbit and dog blood. It is not reduced 
by dicumarol even after the prothrombin 
activity falls to a very low level. 

11 Quick, A. J., and Stefanini, JI., J. Lab. Clin. 
Med., 1949, 34, 1203. 

12 Owen, C. A., and Bollnian, J. L., Proc. Soc. 
Exp. Biol, and Med., 1948, 67, 231. 

Received Sept. 14, 1949. P.S.E.B.M., 1949, 78. 


Intracellular Bile Canaliculi in the Rabbit Liver. (17391) 

M. Wachstein and F. G. Zak. 

From tbe Department of Pathology, St. Catherine’s Hospital, o)i(? the Mount Sinai Hospital, 

.Vcw York City. 


There is no controversy as to the general 
pattern of the bile canaliculi in the mammalian 
liver wdth but one exception. This concerns 
the e-xistence of intracellular branches. 

Gomori’s^ technic for the histochemical 
demonstration of alkaline phosphatase fur- 
nishes a very convenient method for the study 
of the bile capillaries under normal and ab- 
normal conditions, since the bile canaliculi in 
the liver of some species show striking stain- 
ing properties.®^ The results obtained with 

“ 1 Gomori, gT^ROC. S^E-XP. IbwiTand^Ied., 
1939 42, 23. 

2 Gomori, G., J. Cell, and Comp. Physiol., 1941, 
17, 71. 


this method in the liver of rabbits under 
normal conditions and after e.xperimental 
biliary obstruction, strongly suggest tbe ex- 
istence of intracellular branches. 

Material and Method. In medium sized 
rabbit under ether anesthesia, a liv'er biopsy 
was taken and the cj'stic and bile ducts were 
ligated. Tw’enty-two animals were allowed to 
surx'ive from 1 to 31 days. In addition, livers 
from normal animals were available. Sections 
from tissues fixed in cold acetone were stained 
with Gomori’s method^ as modified by Rabat 

3 Waclisteiii, M., and Zak, E. G., Proc. Soc. Ext. 
Biol, and Med., 1946, 02, 73. 

■1 Jacoby, F., J. Phys., 1947, 100, 23P. 
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Leading investigators in this field, including 
Long.” Lurie, and Rich, have recognized that 
the mechanism of caseation and softening is 
still the key problem in tuberculosis for. as is 
rvell known, in the centers of caseous areas 
tubercle bacilli tend to die, whereas in areas 
of softening they multiply profusely. As 
Jaue^ e.\pressed it, -‘The rapid liquefaction of 
the caseated infiltration is veiy dangerous, 
since it opens blood vessels and bronchi. 
Hemorrhage and aspiration result and the in- 
fection spreads rapidly to other portions of 
the lung." The question arises how does 
necrotic, caseous tissue in tuberculosis diner 
from similar material seen in abscess, gumma 
or infarct? The answer is not yet at hand. 
Opie and Barker" investigated this problem, 
employing hypertrophied tuberculous lym- 
phatic glands, removed from experimentally 
infected dogs, as source of enzr'me and 50^ 
blood serum, previously heated to 75‘C as 
substrate. They concluded, ‘Al'hen during 
the third week after inoculation of tubercle 
bacilli, the figures indicate a maximum degree 
of digestion, caseation is beginning. . . . 
■Mler onset of caseation there is gradual and 
probable complete disappearance of enzymes." 
Rich' summarizes the situation as follows, 
■•.•\t present it remains a problem whether the 
failure of aulolysis to occur in caseous areas 
is due to an inadequate content of proteolytic 
enzymes in the monocytes or to the presence 
of substances that inhibit or destroy the en- 
zymes at the site."' 

We have studied the behavior of Cathepsin 
II during various stages of caseation since this 
endocellular proteolytic enzyme (B.\- 3 mi- 
dase)'' is probal)ly concerned in tissue break- 
<Iown and in protein synthe.ris. If this or 
similar enzymes should play a sistnificanl role 
in the mcchnni.mi of caseation and or soften- 
inc. there is hope that their action may be 

"l.one. r.. K., .Irrti. VaUi.. 1920, 719. 

■* -IufTe, l:, 15., .IrcJi. Vnth.. 1921, IS, 712. 

■•Onie r., I„. Barker. B. I., .1. K^p. ifrtl.. 
lO 's. lO. r.ir.. 

*"' !»' rze.’.'^iin. M.. .\ Cl.a‘'^ificntien cf I*r*itoolvtT 
l.i.rvna-. iti • • .V'lvar.i-c‘; in Ki'.rvnrilepv. " t-iliti-! 
I'V 1 . 3 . Nora .ar.a U, H. Workir.-n. Inier^ritriCO 
I’nt'... in.-.. Nrw Yi.rV;. 3953, 1 . r.2 99. ami lPt2, 


influenced by known activators or inhibitors. 

Experimental procedures. In order to pro- 
duce caseous tissue, albino rabbits were in- 
fected with tubercle bacilli as follows: Ani- 
mals of Group 1 were injected intratracheally. 
without previous immunization, rvith a dose 
of 0.001 mg of a virulent Ravenel culture of 
tubercle bacilli. Those of Group 2 were first 
immunized by means of 2 successive weekly 
intravenous injections of 1 mg of a lowly 
virulent R1 strain of .1/. tuberculosis and then 
2 weeks later injected intratracheally in the 
same manner as the animals in Group 1. 
They were x-rayed at frequent inteivals in 
order to follow the progress of the infection. 
Five to S animals of each group were killed 
at varying intervals of lime — from 5 to 24 
weeks after intratracheal infection, by exsan- 
guination from the carotid artery. The or- 
gans (lungs, kidneys, liver, and spleen) were 
removed, weighed, and small sections taken 
for histologic study. The remainder of the 
tissues were frozen intact in a dr\' ice cham- 
ber and aliquots (15-20 g) were chipped in 
the frozen slate and placed, together with 10 
limes their weight of ice water containing 
chipped ice. into a Waring blendor and ho- 
mogenized. Under these conditions the 
blendor remained ice-cold during the one or 
2 minutes of homogenation. Aliquots of the 
homogenates were used for semi-micro-Kjel- 
dahl determinations and enzyme studies. 
Enzymatic hydrolysis of B.\A (benzoylar- 
ginineamidc) was estimated by the method 
of Greenstein and Leuthardt," which deter- 
mines the amount of ammonia X liberated. 
The reaction constant was calculated from the 

J Ifio 

equation where x is pcrcent- 

t 1“0 

age hydrolysis and I is time in hours. The 
activity was e.xpressed in units per mg of 
nitrogen. Under the conditions of these ex- 
periments the first order reaction constant for 
the liberation of ammonia from B.\A was 
proportional to the amount of homogenate 
used and hence to the enzyme (BA-amidase) 
concentration.'^ 

In carrying out the tests 1 .0 ml of organ 
homozenate was added to 1.0 ml solution of 

r Grc.n^t.jin. .T. E,. nn.l Loi;tLnr,l‘.. E. .M.r4~Vc7. 
Cnr.rrr ijn'.. O, 992. 
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branches also became quite numerous. Fig. 2 
depicts a network of bile canaliculi located 
mthin 2 liver cells. The intracellular branches 
are seen to possess a real lumen. 

Disaission. In most modern te.xtbooks of 
histologyj no mention is made of intracellular 
bile capillaries. Their possible occurrence is 
conceded in Sharpey-Schafer’s" and Stbhr’s 
textbooks.® Their existence, however, is de- 
nied by Maximow and Bloom.® The study 
of finer morphological details with the phos- 
phatase staining technic is considerably helped 
by the fact that in contrast to the dog liver, 
the rabbit liver, after biliar}' obstruction shows 
no appreciable increase of cytoplasmic phos- 
phatase activity such as often blurs the out- 
line of the dilated capillaries. Clara, using 

" Sliarpey-Schafcr, E., Essentials of Histology, 
Descriptive and Practical for use of students. 
13tli edition Uy M. Carleton, London, Hew York, 
Toronto. 

S Stolir, P., LehrbucU dor Histologie und der 
Mikroskopischen Anatomie des Atenschen., 25tii 
edition by W. V. Alollendorf, Jena 1943, p. 349. 

9 Masimow, A. A., and Bloom, W., Textbook of 
Histology, Philadelpliia and London, 1947, p. 43. 


special staining technics, considers the oc- 
currence of intracellular branches in the rabbit 
liver as likely, but not as definitely, proved. 
He pointed out that an intracellular location 
ma}' seemingly be present, while in reality it 
is due to a location of bile capillaries on the 
surface of the liver cells in question. While 
the possibility of this cannot be completely 
e.xcluded, in the case of the normal rabbit liver, 
it is quite unlikely in that of the liver after 
biliary' obstruction. Here, a network of dilated 
bile capillaries is frequently observed on the 
same plane within a single liver cell. Oc- 
casionally', it is found at the level of the cell 
nucleus. 

Summary. M^ith the aid of the histochemical 
phosphatase stain, intracellular bile canaliculi 
can be demonstrated in the normal rabbit- 
liver. These intracellular branches become 
considerably more pronouiiced following ex- ■ 
perimental biliary' obstruction. 

10 Clara, AI., Z. F. Milr. Atiat. Forsch, 1934, 
352, 1. 

Beceived Sept. IG, 1949. P.S.E.B.AI., 1949, 72. 


Enzymatic Hydrolysis of Benzoylarginineamide by Normal and Tuber- 
culous Tissue of Rabbits.* (17392) 


Charles Weiss and Julius Schultz. 

From the Laboratories of the Jevoish Hospitot, Philadelphia, Fa. 


Caseation has been described by Rich^ in 
these words, “IVhen, as a result of partial 
autolysis, necrotic cells lose their structure 
and outlines, and their remains together with 


* This investigation was supported by research 
grants from the Division of Eesearch Grants and 
Fellowships of the National Institutes of Health, 
H. S. Public He.alth Service, the Committee on 
Aledical Besearch and Therapy of the National 
Tuberculosis Association, and the Weinberger 
Fund of the Jewish Hospital. 

Presented before the American Association of 
Immunologists, Detroit, Mich., April 20, 1949. ^ 
lEich A..B., The Pathogenesis of Tuberculosis. 
C. C. Thomas, Publ., Springfield, HI., 1940, p. 
733 ff. 


intercellular materials tend to become fused 
into a formless, coagulated and more or less 
inspissated mass, the process is termed case- 
ation.” In rabbits, experimentally infected 
with virulent tubercle bacilli, caseation is 
usually' observed about the third week of the 
disease, when according to Lurie,® the mono- 
cy'tes, which make up the bulk of the cellular 
material in the caseous area, have been trans- 
formed into epithelioid cells and allergy to 
tuberculin has developed. This suggests that 
the process of caseation is associated with 
some degree of acquired tissue immunity' or 
resistance to infection with tubercle bacilli. 

2 Lurie, At. B., J. F.xp. Med., 19.13, 57, ISl. 
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TABLE II. 

Illustrativo Ah.tIvHc.i) V;ita on ^formal anti Jiifci tcil Ii:il>l>j!<. 


It.aWitXo. Bodywt Organ 

Organ wt 


K X 10-V>nl. Imni. 

K./g X 



Xormal animals 



P 3S9G 

Lit 

78.3 

2.S7 

32.2 

19.3 


K 

13.0 

2.33 

14.7 

14.S 



1.39 

2.37 

30.0 

2.3.S 


Ln 

11.0 

2.(cJ 

12.S 

S.l 

13 4140 

Li 

90.0 

*■» -•> 

57.7 

20.0 


K 

1S.9 

2.39 

O.' o 

1.3.7 


S 

1..39 

2.11 


17.0 


Lri 

11.74 

2.12 

10.1 

S.4 

IS 2045 

Li 

9S.0 

a 

5S.0 

is.o 


K 

I2.S 

2..73 

22.4 

3.3.S 


S 

1.04 

3.41 

3.1 

S.l 


Lti 

S.7 

2M 

14.4 

0.2 

20 2S70 

Li 

97.3 


00..3 

30.9 


K 

12.S 

2.40 

31.2 

22.0 


S 

1.02 

1.70 

5.(i 

13.0 


Lu 

9.30 

o 

11.2 

G.5 



Infected animals* 



1 32SG 

Li 

95.r. 

2.S1 

C.4 

24.4 


K 

24.3 

2.34 

S3 

2S.3 



2.7 

1.4S 

.31 

39.0 


Lu 

1.31.0 

l.?0 

10.3 

12.5 

2 2990 

Li 

04.0 

2.03 

SO.S 

1S.5 


K 

10.9 

2.00 

4P.S 

0.-J S 


s 

1.4 

2.00 

IS. 2 

32.4 


Lu 

110.0 

2.20 

10.9 

10.1 

3 2390 

Li 

so.s 

2.33 

_ 



K 

23.0 

2.17 

43.9 

21.1 


S 

2.32 

2.09 

.37.0 

20.0 


Lu 

1S.2 

2.02 

11.0 

4.3 

C 200.0 

Li 

7.3.0 

2.7(> 

43.1 

21.0 


K 

15.3 

2.23 

4.3.9 

27.0 


S 

2.0 

2.14 

20.3 

1.3.7 


Lu 

75,3 

2.12 

5.(1 

2.G 

S 3290 

Li 

8(1.9 

3 00 

40.0 

19.7 


K 

24.0 

2.17 

91.1 



J? 

1.30 

2.5S 

no « 

19.0 


Lu 

20..3 

1.71 

43.0 

25. S 

* BntitiUs l;iUo(l to 

wg after Vrimarv infection witli virulen} 

tuliprrln bnrjlli. 



^ ; K — 

Kiuntn* : R — 

; T..11 — 

l.nng; liom. 

= ITomogi naie. 



packed with lymphocytes and young fibro- 
bla.ct.c. The surrounding lung ti.ssue was fairly 
normal. There wore a few RBC but no fluid. 
No I’.MX were seen and not all of the endo- 
thclml cells were de.'quamatcd. The liver 
fuoiycd no tubercles. There was some con- 
ce.siinn and cloudy swelling, also periductal 
pr.ihieration with monocytes and yountt fibro- 
blast.<. The hepatic lobules were’ fairlv well 
demarcated a.c a re.sult of the inter.^titial rc- 
artK.n. In sections of the kidneys there were 


many areas of caseation necrosis .surrounded 
by large giant cells. There were also closely- 
packed collections of cells (monocytes, lym- 
phocytes. and young fibroblasts), the centers 
of which showed .softening. Congc.ction. 
cloudy swelling and licginning desquamation 
of the tubular epithelium were evident in ad- 
dition to many giant cells. The spleen showed 
large areas of necrosis with disintegration of 
the nuclei and absence of cellular outlines. 
The Malpighian follicles were prominent. 
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TABLE I. 

Comparisou of Benzoylarginine Amidase Activity of Organs of Babbits Killed at Various Time Inter- 
vals After Primary or Beinfeetion witli Virulent Tubercle Bacilli. 


AVhen Ko. of Liver K/g K Spleen K/g K Kidneys K/g N Lungs K/gX 
Group killed rabbits Avg. S.E. Sign Avg S.E. Sign Avg S.E. Sign Avg S^E. Sign 


A 

Normal 

u 

28 

2.1 

24 

2.7 

24 

1.9 


S.6 

O.S 



controls 
















After primary 

infection 







B 

5 wk 

5 

20 

1.1 

+ 21 

3.1 — 

20 

1.7 

-1-h 

■9.S 

1.4 

— 

0 

16 wk 

5 

21 

0.9 

± 31 

6.9 — 

25 

1.4 


11.7 

4.1 

— 






After reinfection 







D 

5 wk 

0 

26 

1.9 

— 31 

2.4 — 

30 

4.1 

— - 

17.2 

0 0 

-f + 

E 

16-20 wk 

0 

17 

2.1 

-1-1- 27 

4.2 — 

38 

6.0 

-f-l- 

21.0 

2.9 

-f-l- 


S.E. = Standard error (rt). Sign — indicates the significance of the e.vperimental averages when 
compared with the controls. A minus ( — ) means that the Fischer “t” test gave a “P” value of 0.05 
indicating probable significance. A plus (+) denotes a "P” value greater than 0.02 and less than 
0.05, indicating statistical significance. Two plus (H — (-) indicates values less than 0.02 or a high de- 
gree of significance. 


0.1 molar citrate buffer (pH S.l) containing 
0.02 mmols of BAA and 0.01 mmols of cys- 
teine hydrochloride. Digestion was carried 
out in large test tubes in a 39° bath. After 2 
and 4 hours, the tubes were removed, 1 ml of 
saturated potassium carbonate and 3 ml of 
water were added and the whole aerated as 
described by Greenstein and Leuthardt. The 
ammonia liberated was absorbed in a 2% 
boric acid solution containing indicator 
(methyl red-bromcresol green) and titrated 
with N/14 HCl. A correction blank for aero 
time was set up in tubes which were treated 
immediately with saturated K2CO3. 

Pathologic findings. The rabbits were 
killed by exsanguination, at various time in- 


tervals after infection, as indicated in Tables 
I-III. At autopsy the kidneys and lungs 
showed varying degrees of caseation. Micro- 
scopically^, these areas were surrounded by 
inflammatory cells or granulation tissue. 
There was no caseation in the livers or spleens. 
In animals which were killed S and 16 weeks 
after primary infection, the lungs were mark- 
edly enlarged and weighed from 2S to 13S g 
as contrasted with an average normal of 10 g. 
Two protocols are given to illustrate the path- 
ologic findings. . 

I Pathologic findings after primary infec- 
tion. Rabbit 8, killed 16 weeks after infection 
with a virulent Ravenel culture, showed par- 
tial consolidation of the lower lobe of the le t 
lung There were numerous scattered ^aseou 
tubercles from 2 to 5 mm m diameter on t 
Surfaces and also within the parenchyma of 


the lung. The cortices of the kidneys were 
studded with numerous, firm gray, elevated 
tubercles, each 2 to 4 mm in diameter. The 
spleen and liver showed no gross changes. 

Microscopically, there was extensive case- 
ation in both lungs and kidneys. The latter 
also showed extensive necrosis. There was 
evidence of hemorrhage and some tuberculous 
involvement in the spleen. 

II. Pathologic findings after reinfection. 
Rabbit 66 was reinfected June 1, 1948 after 
having received 2 intravenous immunizing 
doses of an R1 culture of M. tuberculosis and 
killed 3 months after intratracheal infection. 
X-rays, made 6/9/48 and 8 ''18/48, showed 
in the fourth interspace of the right lung 
several areas of density, peripheral to the 
heart shadow, suggesting consolidation. The 
remainder of the right lung presented no ab- 
normalities. In the left lung, the bronchial 
shadows at the hilum of the lung were accen- 
tuated. In the fourth interspace there ryere 
several spots suggestive of foci of consolida- 
tion. 

Gross anatomic findings. The lungs were 
well aerated. Several small tubercles were 
seen on the pleural surfaces. The surface of 
each kidney showed a single large, prominent 
tubercle. The spleen was enlarged and showed 
several tubercles on the surface. The liver 
was not involved. 

Histological findings. In sections of the 
lungs small miliary tubercles were seen whose 
centers stained well. At the periphery of one 
tubercle there was an area which was densely 
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protein nitrogen (Table III). In spile of this 
increase in organ weight and the possibility of 
dilution of enzj’me, the rates of hydrolysis of 
B.A.A were not significantly different from the 
normal, .\nalyses made of bits of caseous 
material removed and freed from adjacent 
lung tissue showed them to be enzymatically 
very active. 

The present report confirms the work pre- 
viously published by Weiss and Halliday® 
that livers and spleens of normal rabbits 
usually show greater activity of Cathepsin II 
(B.-\-amidase) than the lungs. The rate of 
hydrolysis of lung homogenates is about one- 
third that of liver. This is of interest since 
the lungs- cannot destroy virulent tubercle 
bacilli as effectively as do other organs. Con- 
sidering the size of the liver, it is probably 
one of the greatest sources of cathepsin in the 
bodv. 

% 

Summary and conclusions. 1. Caseous ma- 
terial was produced in the lungs and kidneys 
of rabbits by intratracheal infection with a 
virulent, Ravenel culture of tubercle bacilli. 
The animals were killed at inter\’als of from 
5 to 20 weeks after infection. The lungs and 
kidneys, together with the livers and spleens, 
were removed immediately after exsanguina- 
tion and death of the animals, preserr-ed at a 
very low temperature in a dry ice refrigerator, 
and examined for enzymatic activity. 

2. Homogenates of tuberculous lung tissue 
containing very large amounts of caseous 
material can hydrolyze benzoylarginineamide 
(B.\.\) at pH 5,1 at a more rapid rate than 
those of homologous normal tissues. The 
lungs and kidneys of animals which were first 
immunized with a non-virulcnt culture before 
reinfection with a virulent strain of ill. tubcr- 

e Weis'i. e.. iiiul Hairulav. X., J. immimo!,, 

■in, C.SJ. 


culosis were found to have greater enzymatic 
activity than those with a primar\- infection. 

3. These results are analogous to those of 
Lurie who showed an increased capacity of 
rabbit tissue to destroy virulent tubercle ba- 
cilli under similar circumstances. They are 
also of interest since we have previously dem- 
onstrated^ a parallelism between bactericidal 
action and the rate of hx’drolysis of B.\A in 
innate organ immunity. 

4. It is not clear whether the observed 
increased rate of enzj'matic activity has its 
origin in the caseous (“necrotic") material 
itself or in the surrounding inflammaton' 
e.vudate (“granulomatous tissue"). The fol- 
lowing hj-pothesis is suggested: The lungs and 
kidneys of rabbits possess little innate re- 
sistance to infection with virulent tubercle 
bacilli. Hence the latter multiply freely and 
bring about an inflammatory e.vudate which is 
the source of the added enzyme. The liver 
and spleen, on the other hand, are organs of 
high natural immunity. They do not per- 
mit rapid multiplication of tubercle bacilli 
(Lurie-). The intense inflammatory response 
with enzyme-laden cells is therefore not called 
forth. 

5. The decreased rate in B.\-amidase activ- 
itj- observed in liver homogenates after pri- 
mary and reinfection, may perhaps be due to 
the loss of labile liver protein which occurs 
during the malnutrition accompanying the 
late stages of a virulent tuberculous infection. 

It is .T plfasurc to .ocknowlcdgc our imlebtoitncss 
to Dr. Jtnx B. Lurie of tlic Itoiiry I’tiipps lustiluto 
of the Universify of Pcnnsylv.'iiii.-i for his many 
courtesies; to Dr. D.avid Kislihack .and to Jlr. 
Helen Ingleby of the Jewisli Hospital for tiie 
patholnpic reports .and to Dr. S. .\dolmrin for the 
•x rny esaminations and interprotatiuu-. 

Received Sept. 10 , 1P4P. P.S.L.B.M.. IPiti, 72 . 



240 


B-A Amidase of Tubercuious Tissues 


• TABLE III. 

Total yitrogen, Protein K, and N.B.y. of Tuberculous and Norninl Lmigs. 


Babbit No. 

Total N, mg 

Total protein, N N.P.N., mg 

N.P.N. as 9c of total X 

1 

2360 

Tuberculous rabbits 
1950 

410 

17.3 

2 

2500 

2190 

310 

12.4 

6 

14S0 

1270 

44 

14.1 

S 

446 

381 

65 

14.5 

9 

222 

Normal rabbits 

202 

20 

9.0 

11 

265 

251 

14 

5.3 

13 

248 

222 

26 

8.9 

18 

221 

206 

15 

C.S 


16 Tveeks following primary infection the animals showed diffuse caseous consolidation in- 
volving both lungs almost completely. These data show that most of the increase in X is due 
to protein and not to N.P.ISr. 


Results and discussion. The biochemical 
data which are summarized in Tables I-III 
indicate that homogenates of lungs and kid- 
neys of tuberculous rabbits which are dif- 
fusely infiltrated with caseous material are en- 
zymatically very active. While there are in- 
dividual variations, there is, nevertheless, a 
statistically significant difference in the rates 
at which these homogenates hydrolyze BAA 
which depends upon whether we are dealing 
with tissues from animals with primary in- 
fection or with reinfection. In the former, 
the rate of hydrolysis of lung tissue was not 
significantly altered as compared with the 
normal. Likewise, the kidneys showed either 
normal rates or moderately decreased activi- 
ties. After reinfection, however, both lung 
and kidnej'’ homogenates revealed marked in- 
creases in hydrolytic activity. These data are 
strikingly similar to the immunologic results 
of Lurie, = who showed that the lungs and 
kidneys of normal rabbits possess little innate 
power to destroy virulent tubercle bacilli after 
primarv infection. But as the result of im- 
munization and reinfection there is more 
complete destruction of these microorganisms. 
This increase in bactericidal action is asso- 
ciated with an acceleration of the localized 
inflammatorv process and a heightened i^y- 
siologic activity of the tissue phagocytes. The 
liver and spleen, having a high innate capacity 
to destroy virulent tubercle bacilli, do not call 
forth anv appreciable inflarnmatory response. 
The obs'ervation that liver homogenates^ have 
j activity after primary 

decreased enzymatic ^.x- 

as well as reinfection may pe.haps be e.x 


plained by the fact that a loss of liver 
Cathepsin II may accompan}' the loss of 
labile liver protein during the state of mal- 
nutrition late in the tuberculous infection.^ 
It is also of interest to note that the loss of 
enzyme activity from the liver takes place 
earlier following primary infection than fol- 
lowing reinfection. 

While the data clearly indicate that homog- 
enates of certain organs which contain large 
amounts of tuberculous caseous material are 
not enzymaticallj’’ inert but may show rates 
of hydrolysis of BAA which are far greater 
than the corresponding normal values, ^ rye 
have no precise information as to the origin 
of this added cathepsin. There are 3 possi- 
bilities: (a) the inflammatory e.\udate (or 
“granulation tissue”) which surrounds the 
necrotic or caseous material is rich in BA- 
amidase, (b) the caseous material itself, be- 
ing derived from the breakdown of inflam- 
mator)' cells is very active enzymaticallj’ or 
(c) the normal, adjacent tissue has acquired 
an increased rate of hj^drolj'sis. That the first 
of these two possibilities is the most likely 
to be true is suggested from the following 
data: 

Ten rabbits which were killed 5 or 1 6 weeks 
after primary intratracheal infection with 
virulent tubercle bacilli had lungs weighing 
25 to 125 g, as compared with an average 
normal value of 10 g. Alicroscopically, there 
was caseous and cellular infiltration and chem- 
ically there was proof of an accumulation of 

S Schultz, .T., J. Bint. Chem., lOIO, ITS. 4~>1. 
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beta-carbon and had an acti%'ity of 106.000 
counts per minute per mg. The alanine "was 
also the racemic compound labeled on the 
alpha-carbon (600,000 counts per minute per 
mg). The acetate and glycine rvere labeled 
on the carboxyl carbons (210,000 counts per 
minute per mg and 1,000,000 counts per 
minute per mg respectiveh') . 

In Experiments I to \T, 100 mg of the 
acetyl-tryptophan (DL- or L- dissolved in 
3.8 ml water (pH 7.4) were injected intra- 
venously by the jugular vein immediately fol- 
lowed by intraperitoneal injections of the 
other compounds mentioned in Table I. In 
Experiment VII, the rat was injected intra- 
venously rvilh 300 mg of acetylglycine in 3 
ml water followed by the labeled glycine so- 
lution (0.2 ml) injected intraperitoneally. 
The urine was collected for the next S hours 
in all cases, the bladder being emptied at 
autopsy if required. 

.\celyl-DL-tr\-ptophan and acetyl-glycine 
were incubated with labeled trtptophan and 
glycine respectively for S hours in phosphate 
buffer at pH 7.4 at 37° for S hours. The 
acetylamino acids isolated from the mixture 
contained no C’^ showing there was no 
chemical exchange. 

Results. The results presented in Table I 
show that natural amino acids are acetylated 
in vivo in rats. In experiments II and III. the 
inert L- or DL-trx-ptophan was added to dilute 
the specific radioactivity with a view to de- 
termining whether the excreted radioactive 
acetyl derivative was predominantly of the L- 
or D- configuration. This is of interest since 
there is no biological mechanism for the deace- 
lylation of D-amino acids.'® The first four 
experiments, however, do not definitely decide 
this question. The sub.^cquent experiments in 
which acelyl-L-ttypiophan was used, leave 
no doubt that the L-isomer can be acetylated 
in vivo. In the last experiment with acetyl- 
glycine, the problem of optical isomerism does 
not exist. 

The radioactivity in the L^olated acetyl-L- 
ttyptophan and acetylglycine is rather low. 
This does not mc.an that acetylation of amino 
acids is necessarily a reaction of little im- 

K., /,vv.. H'47, 2T. .'.74. 
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In vivo Acetylation of Natural Amino Acids. (17393) 

Dattatreya Rao Sanadi,* jNIartin P. Schulman, and David jNI. Greenberg. 
From the Division of Biochemistry, University of California, Berkeley. 


Interest in the acetylation of natural amino 
acids stems from the suggestion that acetyl- 
amino acids may be intermediates in protein 
synthesis.^ Bloch and Borek- demonstrated 
acetylation of leucine' and phenylalanine in 
liver slices. So far, acetylation of natural 
amino acids has not been shovm in vivo prob- 
ablj”^ because in most cases such derivatives 
are further metabolized rapidly and do not 
accumulate sufficiently to permit isolation. 
Knoop^ found that the unnatural alpha amino 
acid, phenjdamino butyric acid, is readily 
acetylated in the dog. 

Luck and coworkers'* observed that most 
of the acetjd-DL-tryptophan administered in- 
travenously to human subjects is e.Ycreted un- 
changed although e.xcretlon is negligible when 
the substance is given orally.® Preliminary 
e-vperiments showed that rats also e.vcrete 
acetyltrj^tophan in considerable amounts 
when it is given intravenously. We have ac- 
cordingly taken advantage of this behavior 
to trap any labeled acetyltryptophan formed 
in vivo. 

Experimental methods. Standard methods 
were used for the preparation of acetyl de- 
rivatives of DL- and L-tryptophan,® and ace- 
tylglycine." Acetylryptophan was deter- 
mined colorimetrically by the reaction with 
p-diniethylaminobenzaldehyde.'* 

Isolation of acetyltryptophan. Urine was 
made alkaline to phenolphthalein and extract- 

Government of India scliolar. 

1 Kittenborg, D., and Sliemin, D., Ann. Jtev. Bio- 
chem., 1940, 15, 247. 

2 Bloch, K.; and Borek, E., J. Biol. Chem., 1940, 
164, 483. 

n Knoop. F., -Z- phirsiol. Chem., 1910, 67, 489. 

4 Luck, J. M., Boyer, P. D., and Hall, V. E., 
Psoc. Soc. Exp. Bion and JIed., 1940, 63, 177. 

5 Albancse, A. A., Prankston, J. E., and Irby, 

J Biol. Client., 1945, 160, 31. 

ODu Vigneaud, V., and Sealock, B. R., J. Biol. 

Chem., 1932, 90, OH- ^ ^ . „ 

THerbst, R. anO Shemm, D., Or/yaiiic Syn- 

Ihesis. 1939, 19, 4. 


ed continuously with ether for 24 hours. It 
was next acidified to congo red and reextracted 
with ether for another 24 hours. The second 
ether extract was evaporated to dryness, the 
residue dissolved in hot water, and decolorized 
with charcoal. Cr 3 'stals of acehdtryptoplian 
appeared readily on cooling. Usually, two 
recr 3 'stallizations were enough to give a pure 
product. Further recrystallizations did not 
lo'sver the specific radioactivit 3 ^ The products 
isolated in e.xperiments I to R’' melted at 
205-207° (reported 206°) and that in e.xperi- 
ments V and VI at 188-189° (reported 190°). 
The melting points showed no depression on 
mixing with authentic derivatives. Kjeldahl 
nitrogen, found 11.28 to 11.46%; theor}' 
11.37%. In order to establish that the radio- 
activity was due entirely to tryptophan, the 
isolated acet 3 dtr 3 ptophan 'svas h 3 ’drolyzed® 
and the convenient formaldehyde derivative of 
tr 3 ’ptophan prepared.® In e.xperiment V 20 
mg of acetyl-L-tr3T3tophan was added to the 
urine as carrier. The specific activity per 
mole was unchanged (Table I). The deriva- 
tives melted sharply at 309-310°. Nitrogen, 
found 12.88 to 12.99%; theory 12.96%. 

Isolation of acctylglycine. The method Vi'as 
similar except that ethyl acetate was used in- 
stead of ether. Cr 3 'stallizations have to be 
carried out with greater care since acetylgh'- 
cine is more soluble in cold water than acetyl- 
tr 3 'ptophan. The acet 3 'lglycine was recrystal- 
lized to constant specific activity. It melted at 
206°, showed no depression in m.p. on nuxing 
with pure acet 3 'lglycine and had a nitrogen 
content of 11.87% (theory 11.96%). 

The samples were deposited on aluminum 
discs from w’ater or petroleum ether suspension 
and counted with a thin mica-window Geiger- 
Aluller Counter. 

The triTDtophan used in tlie e.xperiments -was 
a racemic mixture labeled with C*'* on the 

"^Bcrg, C. P., .7. Biol. Chem., 1933, 100, 79. 

9 Jacobs, AV. At, and Cr.alg. L. C., J. Biol. Chem., 
1936, list, 75.0. 
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However, this barrier is overcome when the 
meninges are severely inflamed, as in suppura- 
tive meningitis, for then a significant level of 
bacitracin can be recovered in the cerebro- 
spinal fluid.® 

The high bacitracin content in the kidney 
is to be expected in \new of the fact that this 
organ is active in the excretion of the drug. 
The concentration of bacitracin in the urine 
obviously depends to a considerable degree 
upon both the total intake and the total out- 
put of fluid. The output of urine could not 
be determined because the animals voided a 
variable amount during the course of the ex- 
periment and the urine was not collected. The 
concentrations noted in the table were those 
found in the urine present in the bladder at 
the time of death. The wide variation in 
these figures was not une.xpected for it is 
similar to that found in patients following 
intramuscular injection. .Although no albumin 
or casts were found in these urine specimens 
and there was no gross evidence of kidney 
damage at the time of autopsy, it is possible 
that there may have been some variation in 
renal blood flow or glomerular or tubular 
filtration to account for the wide variations 
in the urine concentrations. This might also 
explain the m'de range in the blood levels. 

Of interest and possibly of clinical impor- 
tance is the relatively high bacitracin content 
in the lungs, the skin and the bone marrow. 
The content of the drug in the bone marrow 
is in contrast to that of penicillin, which ac- 
cording to the report of Struble and Bellows 
does not reach this tissue.^ However, some 
doubt is cast upon this finding with regard 
to penicillin by the excellent response of 
acute osteomyelitis to treatment with this 
drug. This might be e.xplaincd on the basis 
of increased permeability of the capillaiy %valls 
in the earh' stages of an acute inflammation. 
The high figure for bile may be partially e.x- 
plaincd by the fact that a control specimen of 
bile showed an inhibitory effect against the 
growth of Micrococcus flavus. However the 
\’ariation in the levels, with the peak average 
at two hour.', suggests that bacitmein is c,\- 

Tvne. r.. tiiul Mt’lont y, V. 1... for 
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portance. Lack of rapid and complete equi- 
librium between the newly formed and in- 
jected acetylamino acids would also yield low 
radioactivity in the excreted product. Both 
acetate and alanine (pyruvate) carbons can 
be used in this acetylation. 

Summary. Intravenously injected acetyl- 


tryptophan and acetylglycine are e.xcretecl in 
part by rats. Advantage was taken of this 
behavior to trap any radioactive aceti-lamino 
acids that are formed in vivo. The results 
show that natural amino acids can be acetyl- 
ated in vivo. 

Beceivocl Sept. 23, .1949. P.S.E.B.M., 1949, 72. 


Distribution of Bacitracin in the Body.* (17394) 


Paul Teng, Florence S. Levin, and Frank L. ^Ieleney. 

From the Laboratory jor Bacteriological Research of the Department of Surgery^ Colttnfhia 
University, College of Physicians and Surgeons, New York City. 


Bacitracin is an antibiotic with a wide anti- 
bacterial spectrum. It was discovered in the 
Bacteriological Research Laboratory of the 
Department of Surgery of Columbia Uni- 
versity. The active principle is produced 
by the Tracey I strain of B. siibfilis.^ Baci- 
tracin has been used clinically in the treatme/ic 
of many infections which had failed to re- 
spond to other antibiotic and chemotherapeu- 
tic agents.- Because of its clinical impor- 
tance, it seemed to the authors worth while 
to determine the distribution of the drug in 
the different tissues and fluids of the e.x'peri- 
mental animal following intravenous adminis- 
tration. 

Firsf series of experiments. Eleven normal 
rabbits weighing from 2 to 4 kilos were selec- 
ted. Bacitracin in a dosage of 3,000 units per 
kilo of hod}' weight, dissolved in 3 or 5 cc 
of physiological saline, was injected slowly 
into tiie ear vein of each rabbit. One, 2 or 3 
hours after the injection the animals were 
bled to death under nembutal anesthesia. The 

* Tlus study w.us supported in part by .a grant 
from the Medical Eesearcli and Development 
Board of the Office of the Surgeon General of the 


whole organ or a portion of the tissue was 
then removed from the skin, heart, lung, liver,' 
skeletal muscle, brain, bone marrow, pancreas, 
kidney, intestines and the spleen. Each kind 
of tissue was ground up in a mortar with an 
equivalent weight of physiological saline. It 
tvas then filtered through cotton. Each filtrate 
ivas then assayed for the concentration of 
bacitracin by the penicylinderplate method 
against Micrococcus flavus.^ The cerebro- 
spinal fluid, blood, bile and urine were also 
collected and their bacitracin content similar- 
ly determined. The results are presented in 
Table I. 

Discussion. Although there are some wide 
variations, composite figures as e.xpressed in 
averages give an approximate value for the 
various tissues. The figures seem to indicate 
that the antibiotic is widely distributed 
throughout the body, but its concentration is 
somew'hat variable in different tissues. For 
e.xample, the chorioid plexus apparently acts 
as a barrier to the passage of bacitracin. None 
or only a trace of bacitracin ivas found in the 
cerebrospinal fluid or in the brain tissues after 
intravenous or parenteral injection. This is 
also true of penicillin and streptom\''cin.'’'‘’ 


Army. 

The bacitracin used was supplied by the Com- 
mercial Solvents Corporation of Terre Haute, Ind. 

1 Johnson, B. A., Anker, H., and Meleney, P. L., 
Science, 1945, 103, 370. 

■'Meleney, F. L., Alfemeier, Vt. A., Longacre, 
A. B., Pulaski, E. J., and Zintel, H. A., Jnn. Snrff., 
194S, 128, 714. 


a Hott, D. A., Bennett, E. E., and Stanley, A. I!., 
Science, 19iT, 100, 551. 
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small intestine, cerebrospinal fluid and brain. 

In the chest and peritoneal exudates pro- 
duced by aleuronat-starch injection, the titres 


of bacitracin one hour after an intravenous ad- 
ministration approximated thbse'in the blood. 

Rcc/ivctl Sept. 13, 1943. I’.S.U.B.M., 1949. IS. 


Production of an Inactive Derivative of Purified Prothrombin by Means of 
Purified Thrombin.* (17395) 

Walter H. Seegers and Robert I. McCeaughry. 

From the Department oj Physiology and Pharmacology, University College of Medicine, 


Detroit, 

The blood clotting mechanism is of such 
complexity that the reactions which the sev- 
eral clotting factors can participate in may be 
followed with certainty only when these fac- 
tors are isolated and obtained in purified form. 
With the use of such purified preparations, it 
has been shown that, depending upon the 
conditions of the experiment, thrombin may- 
have entirely different effects on prothrombin. 
When small amounts of thrombin are added 
to prothrombin dissolved in 257o sodium 
citrate solution, the rate of acth-ation of the 
prothrombin to thrombin is increased;’- when 
thrombin and prothrombin react in physio- 
logical saline solution the prothrombin is 
changed to an inactive form in which it does 
not react to the addition of calcium, Ac- 
globulin and thromboplastin;'' ’ These effects 
are apparently produced consecutively- when 
relatively large amounts of thrombin are used. 
There first appears a decrease in sensitivity to 
calcium, .Ac-globulin and thromboplastin, then 
a reappearance of the original sensitivity. 
These e.xperiments might be interpreted to 
mean that prothrombin is inactivated onlv to 
be changed back to its original active form 

• Aiiiiit liy !i cr.-mt from the t'nifvd Stnto? I’nl> 
III- Ucaitli Fnxiev, National IiKtituti- of Hi-altli. 
I'arkc. l)avi« ami Compaiiy sujiiilual largo qiianti 
lio*! of iila«ma roquirod for tlio proparatittn of 
puriliid protlirondnu and tlironildn. 

> Soogori. \V, n.. and Waro. A. G.. F,;l. Pror.. 
1919, ,H. 249. 

- Soogor^, \\ . 11^ ,Ini. Heart , 1 .. in pro«s. 

' Morlr. K. T., Smgors W. H.. and Smith. H. P.. 
I'lax'. So>'. Kxf. llini^ .vnd Mnn., 1939. .11, (■>.■.7. 

* Waro. A. j,,,,) Siopor«. W. H.. .r. J;,„t 
Fhrn.. 19 IS. IT-I. 


Mich. 

again. It appears more reasonable, however, 
that thrombin acts first to form a slightly- 
modified prothrombin which is not reactive to 
thromboplastin, and that this modified pro- 
thrombin is then changed to another active 
form of prothrombin which yields thrombin. 
The sequence may be described by the fol- 
lowing; Prothrombin (sensitive to calcium -|- 
.Ac-globulin -f thromboplastin) Prothrom- 

bin-derivative 1 (not sensitive to calcium -f- 
.Ac-globulin -p thromboplastin) Prothrom- 

bin-derivative II (sensitive to calcium -f Ac- 
g'.obulin -r thromboplastin) “>■ Thrombin 
and possibly other reaction products. In this 
paper we shall show that the first prothrom- 
bin-derivative, a protein insensitive to calcium 
-f- .Ac-globulin -r thromboplastin, can be 
identified by- electrophoresis. 

Experimental procedures. .A large homo- 
geneous supply- of prothrombin was obtained 
by- pooling several preparations made as pre- 
viously- described.’-'- Many experiments were 
performed but all of those described in this 
paper were performed on this pooled sample 
of prothrombin. 

When dissolved in saline solution it re- 
tained at least 95^ of its activity for 6 hours 
at room temperature. On electrophoresis the 
pal’.crns (Fig. 1) showed that 95^ of the 
total protein was present in one component in 
the descending boundary, while 8797 was 
present in the ascending boundary-. The im- 
purities present in the prothrombin sample 
were thus shown to be sufficiently- rethicetl to 

*» W. H., K. C\, aiu^ 
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TABLE II. 

Concentration of Bacitracin in the Chest and 
Peritoneal Fluids and in the Blood Serum of 
Babbits after an Intravenous Injection of the 
Antibiotic.* (3,000 units/kilo body wt). 


Bacitracin levels in units/cc 


B.abbit 

No. 

Cliest 

fluid 

Peritoneal 

fluid 

N 

Blood 

serum 

1 

2.3 

2.3 

1.6 

2 

5.0 


7.5 

3 

4.2 


4.5 

4 


2.6 

2.55 

5 

to 

> 


2.8 

Avg 

"3.47 

2.45 

3.79 


* One hour after bacitracin injection and 25 
hours after the intraperitoneal and intrathoracic 
injections of aleuronat-starch. 


creted in the bile. 

There was a moderate concentration of 
bacitracin in the wall of both the small and 
the large intestine. This suggests the possible 
value of the antibiotic in the treatment of in- 
testinal infections, either bacterial or proto- 
zoan, provided that these infections are caused 
by organisms susceptible to bacitracin. 

The liver, spleen, pancreas, heart and skele- 
tal muscles all showed a moderate amount 
of the drug, which suggests that infections in 
these organs might be reached by the circulat- 
ing drug. 

Second series of experiments. In the second 
part of this study, 10 cc of aleuronat-starch, 
which contained 3% starch and 5% aleuro- 
nat, were injected into the pleural and into 
the peritoneal cavities of S normal rabbits 24 
hours before the intravenous administration of 
bacitracin in the same dosages described 
above. These animals were sacrificed one 
hour after the injection of the antibiotic. The 
pleural or peritoneal exudate produced by the 
irritation of the aleuronat-starch was collected 
for a study of the bacitracin level by the peni- 
cylinder-plate method. The results are shown 
in Table II. 

Discussion. These figures seem to indicate 
es into the exu- 
to a chemical ir- 
and presumablj' 
infectious origin 
citracin levels in 
uid were higher 


clearly that bacitracin diffuse 
date in the purulent response 
ritant in experimental rabbits 
wll diffuse into an exudate of 

in man. In one rabbit, the ba 

the peritoneal and pleural fl 


than those in the blood serum. In one the 
level in the chest fluid was lower, and in the 
others the titres were approximately the same 
as in the blood serum. Johnson, Anker and 
Meleney reported that subcutaneous bacitra- 
cin could save experimental mice following the 
intraperitoneal injection of 10,00M00,(XX) 
minimum lethal doses of hemolytic strepto- 
cocci.^ 

In 3 clinical cases of ascites, from 1 to 6 
hours after a single intramuscular injection of 
49,000 units of bacitracin, which w’as approx- 
imately 1,000 units per kilo of body weight, 
Michie found that the concentration of the 
drug varied from 0.0018 to 0.128 unit per cc 
of ascitic fluid. In the pleural fluid of one pa- 
tient he demonstrated a level of O.S unit per cc 
4 hours after an intramuscular injection of 40,- 
000 units of bacitracin.'^ 

The fluid collected from the above patients 
was of a transudative nature. In the case of 
exudates, a higher bacitracin content might 
well be expected. Whenever the permeability 
of blood vessels is increased by an inflamma- 
tory process, it is easier for bacitracin to pass 
through the capillary bed and enter the in- 
flamed tissues. 

During the early commercial production of 
bacitracin, certain lots showed a disturbing 
degree of kidney irritation which interfered 
with sj'stemic administration, but since July 
of 1948 our e.xperience has shown that a 
product which meets the Food and Drug Ad- 
ministration’s specification for toxicity of an 
LDSO of 500 units for 20-g mice, produces 
only a minimal and transient degree of kidney 
irritation. The lot used in these experiments, 
namely, No. 480408, met that specification 
and has been used without difficulty by intra- 
muscular injection in a large number of human 
infections. 

Summary. One, 2 or 3 hours after a large 
single intravenous injection of bacitracin, the 
concentration of the drug in the different 
tissues of rabbits was found in decreasing or- 
der as follows, subject to some individual 
variation; urine, kidnex', blood, bile, lung, 
bone marrow, skin, large intestine, pancreas, 
heart muscle, skeletal muscle, liver, spleen, 

7 Micliic, A., work in iirogrcss. 
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due to the action of small amounts of throm- 
bin, formed spontaneously from the prothrom- 
bin. It was not appreciated at the time that 
the product formed from the prothrombin was 
the principal impurity of the preparation. 
The thrombin produced a derivative of pro- 
thrombin which was without typical activity. 
It is likely that the presence of this inactive 
prothrombin derivative is responsible for the 
polydisperse appearance of the prothrombin 
preparations examined in the ultracentri- 
fuge.**’ 

Summary. When purified prothrombin was 


allowed to react with a small amount of puri- 
fied thrombin there was loss in prothrombin 
activity. Comparison of the electrophoretic 
patterns of the prothrombin before and after 
alteration with thrombin showed that protein 
disappeared from the cur%’e representing pro- 
thrombin and appeared as a new component 
with a lower electrophoretic mobility than 
that of prothrombin. 

U'Sccgcrs, W. H.. .Tiitl Ware. -V. G.. Fed. Prnc„ 
1!»4S. T, ISfi. 

Reecivcit Sept. 13, 194P. P.P.E.B.M.. 1940. 72. 


Acetylcholine and Blood Sugar. (17396) 

G. Van den Heua'EL. (Introduced by C. Heymans.) 

From lltf Department ol Pharmaeolo^y, I'niversily oj Ghent, Belpitim. 


Intravenous injection of acetylcholine (100- 
500 a, ■'kg, i.v.) produces hyperglycemia (25- 
60%) in rabbits. High doses of acetylcho- 
line (500-1000 a/kg, i.v.) induce convulsions 
and a marked increase in blood sugar, up to 
200 %. 

The mechanisms of the hyperglycemia pro- 
voked by acetylcholine have been investigated 
in a series of experiments. The obser\-ations 
may be summarized as follows; 

1. .■\tropine (0.25 - 1 mg/kg, i.v.) does not 
abolish the acetylcholine h\-perglycemia 

2. The adrenolytic drug SY 2S (a-naphthyl- 
melhyl-ethyl-)S-bromo-ethylamine HBr). in 
doses of 1 to 3 mg/kg. docs not abolish the 
h\-perglycemia induced by acetylcholine or 
epinephrine. 

3. The anticholinesterase drug:dimcthyl- 
carbamate of hydroxN-phenyl-benzyl-trimethyl- 
ammoniuni (Xu-6si) (0.1 - 0.3 mg/kg i.v.) 
sensitizes the animal very markedly to the 
hv-perglycemic actions of acetylcholine. 

4. Tctraelhylammonium (20 mg kg i.v.) 
protects against acctylcholine-hs-perglycemia. 
if doses of acetylcholine which do not induce 
convulsions arc injected. 

5. .\(tcr removal of both adrenal glands 
and treatment with desoxycortico,=tcronc-ace- 
late. rabbits do not present hjperglycemia 
after doses at acetylcholine which do not in- 


duce convulsions. Higher doses of acetyl- 
dioline inducing convulsions still provoke 
hyperglycemia. 

6. Nembutal (Sodium-ethyl (-1-methyl-bu- 
tyl) barbiturate) anesthesia prevents acetyl- 
choline-hyperglycemia. 

7. Control e.xperiments show that no 
changes in blood sugar occur after injections 
of the same doses of atropine, tetraethydam- 
monium SY 28 or Nu-6S3. 

S. High doses of Nu-6S3 (0.5 mg/kg) in- 
duce hyperglycemia, which is also prevented 
by tetraethylammonium. 

Conclusions. In rabbits, doses of acetyl- 
choline which do not provoke convulsions in- 
duce hyperglycemia. 

This increase in blood sugar is prevented by’ 
the synaptic blocking agent tetraethylam- 
monium. by nembutal and by removal of both 
adrenal glands. 

The acetylcholine-hyperglycemia thus is 
induced by adrenal synaptic stimulation, 
which increases epinephrine output. 

The acetycholine and epinephrine hypergly- 
cemia are not abolished by an adrenolytic 
agent (SY 28). The hyperglycemia induced 
by high doses of an anticholinesterase drug 
(Nu-6S3) is also preventc<i by tetracthyLim- 
monium. 

Ri-frivtnl Srj4. li>, 1P4!'. V.P.K.H.M., 1949, 72, 
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Inactive Derivative of Purified Prothrombin 



8642 0 02468 

MOBILITY (10"5 cm2/ volt /sec.) 


1 . Prothrombin control 

2. Prothrombin partially inactivated 

with Thrombin 

Pig. 1. 

Tile electrophoretic boundary patterns of puri- 
fied bovine protlirombin and of tlic same protlirmn- 
bin after partial inactivation ivith purified 
thrombin, in barbital buffer, pH 8.5, ionic strength 
0.1, and, after 150 min. electroplioresis. 

permit a study of the effect of thrombin on 
the boundary patterns and electrophoretic 
mobility of prothrombin. 

The purified thrombin was prepared by 
dissolving sufficient purified prothrombin in 
a 25% solution of sodium citrate to make a 
1% solution, adding a small amount of 3- 
methyl-4, 6, 4'-triaminodiphenyl sulfone and 
allowing the solution to stand at room tem- 
perature for 24 hours. The addition of the 
sulfone increases the yield of thrombin to a 
maximum. To separate the formed thrombin 
from the other substances present it was pre- 
cipitated by the addition of ammonium sul- 
fate, redissolved in water, and dialyzed free 
of salt. This method of preparing thrombin 
will be described in detail and presented for 
later publication. The important feature of 
this method is that thrombin is obtained from 
prothrombin without the use of calcium, Ac- 
globulin or thromboplastin and is thus free of 
these substances and other impurities present 
in even the best Ac-globulin and thrombo- 
plastin preparations now available. Throm- 


bin prepared in this wai' is of higher puriU’ 
than any previously described, and is of suf- 
ficient activity that in the amounts used in 
our reaction mixtures it could not be detected 
electrophoretically in the presence of the pro- 
thrombin. 

Reaction mixtures were prepared from these 
purified preparations by dissolving in physio- 
logical saline sufficient prothrombin to give a 
concentration of 7,700 units per cc of solution 
and adding sufficient dry thrombin to bring 
its concentration to 100 units. .The reaction 
mixture was allowed to stand for 6 hours at 
room temperature, when samples were re- 
moved for measurement of prothrombin ac- 
tivity, by the modified two-stage method''® 
of analysis and the remainder of the. reaction 
mixture was frozen, dried from the frozen 
state, dissolved in barbital buffer at pH 8.4 
and 0.1 ionic strength and subjected to elec- 
trophoresis. The prothrombin activity de- 
creased during the period of incubation to 
62% of the original value. Comparison of 
the electrophoretic patterns of the prothrom- 
bin before and after incubation with thrombin 
(Fig. 1) reveals that the major component 
of the original sample was reduced in quantity 
from 87% to 32% in the ascending boundary 
and from 94% to 53% in the descending 
boundary. This protein which has disap- 
peared from the major boundary' reappeared 
in a second boundary which represented 64% 
of the total protein in the ascending boundary 
and 43% in the descending boundary. The 
decrease in prothrombin activity as measured 
by the two-stage method of analj'sis was in 
rough agreement with the shift of protein 
from the main electrophoretic component to 
the second component. The inactive deriva- 
tive of prothrombin is characterized by an 
electrophoretic mobility of 5.60 (ascending) 
and 4.21 (descending) X 10 ® cmVvoIt/sec. 

One of the principal difficulties encountered 
in early work® on the purification of pro- 
thrombin was the loss of prothrombin activity 

7 Ware, A. G., and Seegers, W. H., Atii. J. Clin- 
Palli., 1949, 19, 471. 

S Warner, E. D., Brinkhous, K. SI., and Smitli, 

H. P., .;lwi. J. Physiol., 1935, 114, 557. 

oWare, A. G., Guest, M. M., and Seegers, W. I!., 
Am. J. Physiol., 1947, 150, 58. 
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TABLE r. 

TUyrold Weight of Adult Hens Eed Diets Containing l^rge Amounts of Inorganie Iodide, and 
Thyroid Weight of Their Progeny on Day of Hatch, 



Amt 

Amt 

Mean 

Mean 


tliyj-oxine 

jnorgnnic 

tJivroid 

tlivroid 


added to 

I, added 

wt* 

wtt 


diet, 

to diet, 

of cliieks. 

of hens, 

Diet of liens 

(mg/lb) 

(mg/Ib) 

(mg±S.E.) 

(mg dt S.E.l 


font rol 






3.0 

O.OG 

98 

16,9 

M'/r 

STP; 

G 

4 

7.2 

0.22 

ilO 

0.7 


KI 

— 

4 

7.0 

0.15 

149 

45,9 

.002% 

» » 

— 

S 

S.l 

0.12 

162 

16.9 


f T 

— 

16 

S..1 

0.33 

143 

43.9 

.0097c 


— 

32 

S.4 

0.32 

352 

30.0 

.018% 

ti 

— 

G4 

12.6 

1.18 

330 

63.9 


* Avg of tliyroids from 10 day-old chiehs, 

t Avg of paired tliyroids from 7 hens except in groups fed 32 and G4 mg I per Ih of feed, 
n'hifh included 0 and 5 paired thjToids, respectively, 

} STP, trade name Profanione, furnished by Cerophy! Laboratories. Kan.sa.s City, Mo. 


supplemented with varying amounts of iodide 
(as KI), or STP. It is necessary to empha- 
size the excessive nature of the iodide levels. 
To meet the recommendation of the National 
Research Council, practical poultrj' diets 
should contain 0.5 mg iodine per pound. The 
diets employed in the present study contained 
8 to 12S times this amount The results are 
presented in Table I. It will be observed that 
the feeding of KI induced thyroid enlarge- 
ment in the adult hens, confirming the goitero- 
genic action of e.xcossive amounts of inorganic 
iodide which had been previously demon- 
strated in the chick embryo. .As e.xpected. 
STP caused thyroid involution in the adults, 
indicating that the thvToxinc intake was suf- 
ficient to inhibit thyrotropin secretion. 

The offspring of Kl-fed hens also showed 
market! thyroid enlargement. It is of partic- 
ular intcre.<t that hens fed approximately the 
.«ame amount of iodide as was supplied by STP, 
produced chicks with thvToid enlargement 
comparable to that in the offspring of the 
Srp-fctl hens. .Apparently the thyroid en- 
largement found in chicks from STl’-fed hens 
i.s a.'i.'ociated with the iodide rather than with 
the thyro.vine in STP. ThLs would e.vplain 
desiccated thyroid.' or 
SIP’- to hens, or the injection of crj’stalline 
thyroxine into hens.’' fails to decrca.«e thyroid 
size in their chicks. Apparently any thyrox- 
ine naturally dcjKi.‘;itc<i in the egg is mctalio- 
hzi-d or inactivatwl by the lime the chick 


thyroid becomes functional (about the 14tli 
day of incubation) and, therefore, fails to 
modify thyroid size. It should be noted, 
however, that if STP’’' or thyroxine’*'® is in- 
jected directly into eggs during the first week 
of incubation, chick thyToid size at time of 
hatch is significantly reduced. 

The hj'pothyroid symptoms of offspring of 
hens fed inorganic iodide are essentially the 
same as those in chicks from eggs injected 
with thiourea, or KF; in chicks from dams 
fed STP;’- and in squabs from iodine- 
deficient darns.’" The delay in hatching 
caused by feeding iodide to hens may e.xplain 
the findings of Wilgus, cf a!}^ that hatcha- 
bility was unfavorably affected by amounts of 
iodine in the hen's diet in e.xcess of 23 mg 4b. 
In the present study no decrease in hatcha- 
bility was noted if the eggs were left in the 
incubator an extra day to allow for the de- 
layed-haiching effect of the iodide supplement. 

I'urther evidence of the like effect.^ of feed- 
ing KI and STP to the hens on the thyroid 
glands of newly hatched chicks has been ob- 
tained from histological section.';. (Fig. 1.) 
The thyroid gland.s of cliicks whose dam.^ were 

I- (Iros^ouicz, X., I’Roi'. so<'. Exe. ftioi.. anu 
yU:n.. loir., l.'il. 

W. r., ffi.i.Ilf. O., Pi’uUni Sri.. 

iPir, SK, go. 

I'WilKtH, II. S., F. H., 

nml H.’ir-hfuM, (!. s.. P„„ltr;i Sci.. lOI';, gT. C''.’,. 
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Goiterogenic Action of Iodide and the Etiology of Goiters in Chicks from 
Thyroprotein-fed Hens. (17397) 

Robert S. Wheeler and Edmund Hoffmann. (Introduced by M. Juhn.) 
From the Department of Potdlry Husbandry, University of Georgia, Athens, Ga. 


It has been shown recently that the feeding 
of synthetic thyroprotein (STP) to hens in- 
creases the time required to hatch their eggs 
and results in the presence of goiters in the 
chicks hatched from these eggs,'-- These 
chicks are apparently hypothyroid as shown 
by their lowered oxygen consumption rate.® 
These results are contradictory because STP 
fed directly to adults and growing stock'*--'’ 
results in an elevated metabolic rate and in 
thyroid involution. Injection of STP into 
fertile eggs also results in thyroid involution.® 
In the present communication, a mechanism 
involved in this paradox is established. It had 
been postulated that maternal thyroxine de- 
posited in the egg regulates the thyroid func- 
tion of the embryonic chick. Thus the goiters 
in chicks from STP-fed dams were believed 
due to reduced maternal thyroid activity 'with 
attending failure of the thyroidal substance in 
STP to be deposited within the egg. This 
hypothesis proved untenable, however, when 
the-feeding of desiccated thyroid to hens failed 
to alter incubation time of their eggs or thy- 
roid size of their chicks.' 

A new hypothesis based on the relatively 
high inorganic iodide content of STP was de- 
veloped following the report by Wolff and 
Chaikoff that the administration of large 
amounts of inorganic iodide inhibited thyrox- 
ine synthesis in the, thyroid gland of the nor- 

1 Wheeler, E. S., akd Hoffmann, E., Endocrinol- 
ogy, 1948, 42, 320. 

2 Wheeler, E. S., and Hoffmann, E., Endocrinol- 
ogy, 1948, 43, 430. 

3 McCartney, M. G., and Shaffner, C., Poultry 
Sci., 1949, 23, 223. 

4 Wheeler, E. S., Hoffmann, E., and Graham, 

C L , Poultry Sci., 1948, 27, 102. 

5 Wheeler, E. S., and Hoffmann, E., Poultry Sci., 

1948, 27, 509. . 

fi Booker, B. E., and Stnrkie, P. D., Poultry Sc., 

1949 28, 147. 

7 Brooke, J. P-, -md Wheeler, B. .S., nnpublishcd 
data. 


mal rat.® In these e,\periments thyroid inhi- 
bition was of short duration and it is not sur- 
prising that thyroid enlargement did not oc- 
cur. However, it might be expected that pro- 
longed inhibition of the thyroid by any 
agent would result in a compensatory en- 
largement. As a result of our efforts to test 
this thesis, it has been demonstrated that in- 
organic iodide can act as a goiterogenic agent.® 
When large amounts of inorganic iodide were 
injected into the white of fertile eggs on the 
16th day of incubation, the chicks e.xhibited 
marked thyroid enlargement at the time of 
hatch. Moreover, these goiterous chicks e.x- 
hibited typical hypothyroid symptoms; de- 
layed hatching and delayed closure of the um- 
bilicus. 

To establish inorganic iodide as the cause of 
goiters in chicks from STP-fed dams, it was 
necessary to demonstrate that the inorganic 
iodide content of the hen’s diet could affect 
the thyroid size of her chicks. This might be 
expected since the iodide content of the hen's 
diet determines to a large extent the iodine 
content of her eggs.*® In the commercial man- 
ufacture of STP, casein is incubated wdth ele- 
mental iodine and the resulting product con- 
tains l.S-2.0% inorganic iodine as iodide as 
ivell as 3.0% crystalline thyro.xine.** Hence, 
it seems logical that this inorganic iodide in 
STP might increase the iodide content of the 
egg sufficiently to inhibit thyro.xine synthesis 
in the embryonic chick thj'roid and produce a 
compensatory thyroid enlargement. 

Experimental. To test this hj^pothesis, 
groups of 1 2 hens were fed a conventional diet 

« Wolff, J., :ind Cliaikoff, I. L., Endocrinolngil. 
1948, 42, 4fi8. 

9 Wheeler, E. S., and Hoffmann, E., Endocrin- 
ology, 1949, d,";. 208. 

10 Wilder, 0. H. JI., Bethke, E. Jt., and Eecord. 

P. E., J. Xiitrition, 1933, «, 407. 

11 Graham, W. B., Jr., personal communication. 
Gcrophyl Trihoratories, Kans.-ts City, Missouri. 
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Fig. 2. 

Histological scctioii.s of tlie tliTroiil gland of laying liens. Thyroid of normal 
hen. B. Thyroid of STP-fed hen. C. Thyroid of Kl-fcd hen. D. Lott power field of 
the "normal” thyroid tissue and pseudo-encapsulation found in the nodular, colloid 
goiter ohserved in three out of fourteen hens when the higher dosages of KI were fed. 
Note the transitional tissue progressing from right to left. The condensed tis.sne to 
the citrcme left forms the herder of a targe colloid nodule or evst. A, B. C, 225 X; 
D, 75 X. 


smallest was 35 x 30 mm in the longest and 
shortest dimension a.s compared to 7 .\ 5 mm 
in she for glands of normal birds. Some of 
the nodules (cysts) obserc-ed in these goiters 
were as large a.s 10 mm in diameter. 

Discussion. It is difficult to integrate the 
present finding of a goiterogenic effect of 
iodide in the normal animal with the iodine- 
thyroid literature. Morton. Chaikoff and 
Roscnfcld showed'*^ that thyroxine synthesis 
by tliyroid slices in vitro was inhibited by the 
presence of an excess of iodide ions. In later 
work, Wolff and Chaikofr ob'aineti an inhi- 


bition of thyroxine synthesis in vivo which 
could be prolonged by nephrectomy. They 
suggest that the effect of large doses of inor- 
ganic iodide on a h>T>eraclive gland (Graves’ 
disease) is to reduce thyroxine secretion and 
thus ameliorate the symptoms of hj-perthy- 
roidism.’* One might guess from this work 
that continued suppression of the th>TOxine 
secretion of the normal gland would lead to 

I** Merttui. M. 11., ClialVutfT, I. I... utul Re^cufeM, 
S, J. ('hrm., 3Pt4. 1.11. .~S1. 

w Woirr. .1.. .Uti.l amiketr. I. I,.. j. r.i^l Chrr%., 
1045. ITSt, S.'m. 
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Histological 
chick thyroid. 
Kl-fed hen. 


Fig. 1. 

sections of the thyroid gland of day-old chicks 225 
B. Thyroid of chick from STP-fed hen. C. Thyroid 


X. A. Normal 
of chick from 


fed either KI or STP are indistinguishable; 
the many follicles are distended with colloid 
and the epithelial cells are flattened. In the 
normal gland very few follicles are seen and 
the epithelial cells are cuboidal. 

Histological sections of the thyroid glands 
of hens fed KI are of interest because of 
marked colloid storage. (Fig. 2.) In most 
cases the follicles were so large that it was 
not possible to photograph a sufficient area 
to convey the true picture. It would appear 
that the generally accepted concept of 
jMarine^® that colloid goiter is the result of 
involution of a previously hj-perplastic gland, 
cannot explain the tremendous enlarg ement 


observed in the present study after only one 
month of treatment. In 3 cases where hens 
received the 2 highest dosages of KI, goiters 
with colloid nodules and cystic degeneration 
were observed. A line drawing of one of these 
glands is presented in Fig. 3. Apparent) 
the follicles become confluent and form large 
colloid vesicles surrounded by a pseudo en 
capsulation. There was no evidence of neo 
plasm. However, the trabeculae forming the 
boundaries of the vesicles contained 
th 3 Toid tissue which appears to be norma an 
some thjToid tissue showing only slightlj m 
creased colloid storage. The weights of 0=® 
glands were not included in the data because 
of their extreme deviation from the 
The largest gland was 50 x 35 mm and 
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Fig. 2. 

Histological sections of tlie ttyroid gland of laying liens. A. Thyroid of normal 
hen. B. Thyroid of STP-fed hen. C. Thyroid of Kl-fed hen. D. Low power field of 
the "normal” thyroid tissue and pseudo-encapsnlation found in the nodular, colloid 
goiter observed in tlirce out of fourteen hens when the higher dosages of KI were fed. 
Note the transitional tissue progressing from right to left. The condensed tissue to 
the extreme left forms the border of a large colloid nodule or cyst. A, B, C, 225 X; 
D, 75 X. 


smallest was 35 x 30 mm in the longest and 
shortest dimension as compared to 7 x 3 mm 
in size for glands of normal birds. Some of 
the nodules (exists) observed in these goiters 
mere as large as 10 mm in diameter. 

Discussion. It is difficult to integrate the 
present finding of a goiterogenic effect of 
iodide in the normal animal with the iodine- 
thyroid literature. !3Iorton, Chaikoff and 
Rosenfeld showed'® that thyroxine synthesis 
by thyroid slices in vitro was inhibited by the 
presence of an excess of iodide ions. In later 
work, Wolff and Chaikoff® obtained an inhi- 


bition of thxToxine sxmthesis hi vivo which 
could be prolonged by nephrectom 3 T They 
suggest that the effect of large doses of inor- 
ganic iodide on a hyperactive gland (Graves’ 
disease) is to reduce thyroxine secretion and 
thus ameliorate the simiptoms of hyperthy- 
roidism." One might guess from this work 
that continued suppression of the thyroxine 
secretion of the normal gland would lead to 

ir. 3ror(oii7MrEZ~auiikofr, I. L., and Rosenfeld, 
S.. .7. Biol. Chrm., 1944, 154, 3S1. 

iTIVoIff, J., -and Clinikoff, I. L., X Siol. Chen., 
194S, 172, S55, 
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Fio. 3. 

Line dramng of median frontal sections of tliyroid from: A. Xormnl lien. B. 
STP-fed lien. C. Kl-fed hen. D. Kl-fed hen showing nodular colloid goiter with 
cystic degeneration. Note the relative follicle size in A, B, C. All figures 4.3 X. 


subsequent enlargement of the thyroid via 
increased thyrotropin from the pituitarJ^ 

In the absence of histological evidence this 
might explain the thyroid enlargement result- 
ing from administration of large doses of io- 
dide. But Rawson ct al.^^ have differentiated 
between the antithyroid action of iodide and 
thiouracil on a hyperplastic gland. Whereas 
thiouracil produces a columnar epithelium in 
a gland devoid of colloid, iodide produces an 
involution of epithelial cells and the storage 
of colloid. These effects of iodide have been 
recently confirmed for normal animals by 
Lesser, Winzler and Michaelson,^® who also 
noted that rats fed KI but exposed to cold 
had more normal appearing glands than 

IS E.sw.son, E. W., Moore, F. D., Pc.icock, M’., 
Afe.nns, J. H., Cope, 0., oncl Eiddcll, C. B., ,T. Clin. 
Invest. , 1045, 34, 850. 

10 Lesser A. .T., Winzler, K. J., nnd Jfich.iclson, 
J. B., Pkoc. Soo. Exp. Biol, axd JIed., 1949, 70. 

571 . 


treated rats held at room temperature. Thus, 
in this instance, increased thyrotropin partly 
reduced the colloid storing effect of iodide. In 
the light of these findings, it is doubtful if an 
increase in thyrotropin secretion can adequate- 
ly explain the goiterogenic effects of iodide, 
but no alternative hy^pothesis can be proposed 
at this time. 

Summary. The goiterogenic action of in- 
creased iodide intake is demonstrated both in 
the normal fowl, following continuous treat- 
ment, as well as in the developing chick em- 
bryo. The goiters in chicks presumably’ result 
from large amounts of inorganic iodide de- 
posited in the egg by the hen and are compara- 
ble in weight and histology to those obsen-ed in 
chicks from dams fed synthetic thymoprotein. 
It is suggested that the goiters observed in 
chicks from dams fed syndietic thyroprotein 
are caused by’ the iodide present in tluTO- 
protein. 

Eeccivod Sopf. 10, 1040. P..S.E.B.M., 1040, 73, 
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A Method for Experimental Production of Gradual Occlusion of the 

Portal Vein.’^ (17398) 


Peter W. Stone and Ralph A. IMurphy, JrA (Introduced by J. V. Warren.) 

From the Department oj Surgery, School of Medicine, Emory University, Ga 


A sudden complete occlusion of the portal \ 
vein is invariably fatal. However, a gradual 
occlusion of the portal vein in the dog and 
other laboratory animals is compatible with 
life, as was demonstrated first by Ore^ and 
later by Bernard,- Tilmann,^ Ito and Omi,'^ 
Xeuhof,"’ Boyce et al.^ Dragstedt," and 
Brunschwig et al? Surv'ival is dependent 
upon the development of collateral venous 
channels in the gastrohepatic mesentery, and 
anastomoses ndth the esophageal, caval, renal, 
and rectal veins. 

Gradual occlusion of the p>ortal vein has 
been used by Dragstedt' as a substitute for 
Eck fistula in physiologic studies of the liver 
and the abdominal organs draining into the 
portal sj'stem. It has also been studied e.\- 
perimentally by Brunschnig ct al.^ nith a 
more clinical application in mind. The prox- 
imity of the portal vein to the pancreas, and its 
occasional invasion by pancreatic carcinoma 
in man, led Brunschwig and his co-workers 
to investigate methods for the production of 
adequate collateral channels, thereby enabling 
e.xcision of this vessel, hlenon^ and Kershner 

* This jirojcct received financial support from 
the Medical llescnrcli and Development Board, 
Oflice of the Surgeon Geiier.al, U. S. Army. 

1 Life Insurauce Medical Student KescarcU 
Fellow. 

5 Ore, Compt. rend. Acad. Eoyal d. sc., 1S5G, 
43, 4G3 (cited by Brunschwig ct ul.s). 

- Bernard, G., J. B. Bailliere et fils, Paris, 1S77, 
p. 310 (cited by Brunschwig ct al.8). 

Tilniaun, H., Dciitfclic med, 1Vehn.schr., 1800, 
25, 2S4. 

4 Ito, 11., ;ind Onii, K., Dnitschc Z. f. Cliir., 
1002, 02, 141 (cited by Brunschwig ct ai.s). 

•'Xeuhof, H., Siirie, Gpiicc. and Ohst., 1013, 1C, 
4S1. 

Boyce, P. F., Lamport, K., and McFetridge, 
K. M., .7. Lah. and Clin. Med,, 1035, 20, 9.35. 

7 Dragstedt, L. R.. Science, 1031. 73, 31.3. 

S' Brunschwig, A., Bigelow, R.. and Nichols, .S., 
Snrpeni, 1043, 17, "81, 


W attempted to produce portal h\per- 
tension in the . laboratory animal by gradual 
occlusion of the portal vein. Consistent in- 
creases in portal venous pressure with ascites, 
esophageal varices, and splenomegaly were 
not obtained. 

All of the methods reported for gradual 
occlusion of the portal vein were ligature 
technics with various modifications. Each of 
the technics required at least a 2-stage opera- 
tive procedure, with the exception of that 
described by Brunschwig et al.^ These work- 
ers were able to occlude the portal vein suc- 
cessfully by means of a linen thread looped 
around the vein, the ends of which were 
brought out through the operative wound 
and tied over the back of the animal. These 
ends were pulled upon slightly each post- 
operative day until the intact loop was pulled 
out, denoting that the loop had passed 
through the portal vein. Although gradual 
occlusion of the portal vein was accomplished 
successfully by this method, the incidence of 
fatal peritonitis was high. 

The present study is a report of the use 
of irritative cellophane (Polythene!) and 
tantalum to produce gradual portal vein 
occlusion. It is believed that this method 
possesses certain advantages over the ligature 
technics formerly used. It eliminates the 
repeated operative procedures necessitated 
by ligation in stages, and also obviates the 
substantial incidence of peritonitis associated 
with ligature transection of the portal vein. 
\/Mcthod. Healthy adult mongrel dogs were 
used. Following intravenous sodium pento- 

•j Mellon, T. B., J. Path, and Pact., 1938, 40, 
357. 

JO Kersliuer, D,, Kootou, T, C., and iShcarcr^ 
K. if.. Arch. Sitrr;., 104G, 5;?, 425. 

5 Polythene (DuPont), type XV-7-14 with di- 
eetyl phosphate. 1.5 mils in thiekiiess, furnished 
hy The Collophane Division, K. I. DuPont do 
2vemours and Company, IVilmiugton, Del. 
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Fig. 1. 

Scliematie draiviiig illustrating application of 
Polythene and tantalum band to the portal vein. 


barbital anesthesia, the abdomen was opened 
through a high right upper rectus muscle- 
splitting incision. The portal vein was 
mobilized and a double thickness cuff of 
Polythene, 1 to 2 cm in length, was tvrapped 
about the vein at the porta hepatis. The 
Polythene casing was anchored by 2 inter- 
rupted No. OPOOO arterial silk or cotton 
sutures. A narrow tantalum band was then 
placed about the Polythene and tightened so 
as to decrease the transverse diameter of the 
portal vein to approximately one-half to two- 
thirds of the original size (Fig. 1). A cuff 
of Polythene protruded from beneath the 
band at either end, and the tantalum did not 
contact the vein at any point. 

After a period, of 5 to 10 minutes the small 
bowel was examined for evidence of danger- 
ously increased venous congestion. If marked 
venous congestion with cyanosis of the bowel 
was present, the tantalum band was loosened 
slightly. The abdominal wall was closed in 
layers only after the bowel was seen to be 
normal. A slight distention of the intestinal 
veins, with approximately a doubling of 
venous pressure, was usually present. Venous 
pressures in the portal bed were measured 
before and after placing of the tantalum band 
by means of the Burch phlebomanometer or 
by a spinal fluid manometer. 

The animals were either re-e.xplored or 
sacrificed 3 to 60 days later and the portal 
vein removed for gross and microscopic e.x- 


amination. . . -o j 

Results. The portal vein in 28 dogs was 
wrapped with Polythene and partially oc- 
cluded with tantalum. One dog died within 


3 hours of the time of operation, and 3 dogs 
expired within 12 hours. Postmortem ex- 
amination revealed the characteristic findings 
of sudden acute portal occlusion. The 
mesenteric vessels wmre engorged, the spleen 
congested, and there were hemorrhagic areas 
in the mesentery and intestinal wall. 

The remaining 24 dogs showed no im- 
mediate ill effects from the procedure. The 
portal vein was excised from 16 of these dogs 
without a fatality, at intenmls ranging from 
5 to 60 days (Fig. 2). At the time of the 
second operation, extensive collateral venous 
channels were present in the gastrohepatic 
mesentery. In addition, an increased tendency 
for the animal to go into shock was noted at 
the second operation, and was combatted by 
the use of intravenous fluids and cardiac 
stimulants. This w'as an important finding 
and deserves further stud3L Two dogs e.xpired 
following portal vein excision on the fifth 
postoperative day. The remaining 6 dogs 
were sacrificed at varying intervals, with the 
collateral circulation being extensiveh’ studied. 

Upon gross examination, the wall of the 
portal vein wms thickened, the extent of 
thickening being dependent upon the length 



Fin. 2. 

Photogrnph of c.Tci.se(] port.t} rein ivitli tlic 
Polythene and tantalum band in place. 
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Fig. 3. 

■ a. Pliotograpli of excised portal vein segment 
slioiving the reaction caused by the application of 
Polythene 00 days before. Note the absence of 
Inmcn and the marked thickening of the vessel 
walls. 

h. Normal portal vein segment. 

of time during which the vessel had been in 
contact with the Polj’thene. The lumen was 
reduced in all animals and by 30 daj's after 
wrapping only a small aperture remained. 
The lumen was completely obliterated in 4 
dogs at 40 to 60 da 3 ’-s. Surrounding the vein 
there was a moderately thick, brown gelatin- 
ous pseudomembrane (Fig. 3). 

Microscopic examination of the portal 
vein from animals dying within 12 hours 
showed a fibrinous reaction with occasional 
IjTnphocytic infiltration in the tissues im- 
mediately adjacent to the portal vein. At 
5 da}'s, changes consisted of edema of the 
media and adventitia, round cell infiltration, 
and beginning fibroplasia; in addition, a 
fibrinous deposition in the tissues adjacent 
to the vein was noted. Localized hemorrhage 
into the wall of the vein was occasionalh’^ 
seen. At 10 to 15 daj's the acute reaction 
was less evident and the significant finding 
was medial, adventitial, and periportal 
fibrosis. At 18 to 20 daj’s there was increased 
fibrosis and chronic inflammatory response 
in the outer half of the vein wall and periportal 
tissues. -After a period of 30 to 60 da\’'S, 
intimal thickening with marked fibrosis of 
the media and adventitia was present (Fig. 
4). Apparently the degree of fibroplasia was 
dependent upon the duration of Polythene 
application. It was also noted that the chronic 
inflammatorj' response was significantlv de- 
creased after 30 daj's. 

•:!{ One of the original objectives of the study 


was to attempt to produce portal hyper- 
tension bj' this method. However, at the 
time of re-e.xploration there was no elevation 
of venous pressure in the intestinal veins. 
E.xtensive collateral channels joined the renal, 
rectal, and cai'al veins, and were present in 
the gastrohepatic omentum. In some in- 
stances gastrohepatic collateral vessels were 
larger than the portal vein prior to Polythene 
and tantalum wrapping. The number and size 
of the collateral vessels was in direct propor- 
tion to the duration of portal occlusion. In- 
jection studies of the venous collaterals, using 
liquid late.x and Hill’s media, revealed no 
instance of a collateral vessel passing directly 
into the liver. Significant anastomoses vith 
esophageal veins were not demonstrated. This 
is of interest when compared with the usual 
collateral channels found in man following 
blockage of the portal vein. 

Discussion. Irritative cellophane has been 
used in the treatment of aneurj'sms,^^’^’*® the 
e.\perimental production of aortic stenosis and 
obliteration, “45 and in attempts to obliterate 
a patent ductus arteriosus.^® The dicetjd 
phosphate present in the Polythene is re- 
sponsible for the irritative properties of the 
material,^' and differentiates this cellophane 
from the non-irritating tjqie which does not 
induce fibroplasia and which has been used 
in certain orthopedic procedures.^®4i> yJq 
have not encountered ani"^ reports in the 
literature regarding the use of irritative cello- 
phane in occlusion of major veins. It has 

u H.irrison, P. tV., and Cliandy, J., Jnii. Surff., 
1943, 118, 478. 

12 Poppc, J. K., and De Oliveira, H. B., J. 
Thoracic Siirg., 1946, 15, 186. 

13 DeTakats, G., and Reynolds, J. T., Surgery, 

1947, 21, 443. 

JiPearsc, H. E., Ann. Surg., 1940, 112, 923. 

i5Ck)oi>er, F. W., Jr., Robertson, R. L., Shea, 
P. C., Jr., and Dennis, E. W., Surgery, 1949, 25, 
184. 

i*» Harper, F. R., and Robinson, II. E., Am. J. 
Surg., 1944, C4, 294. 

1" Yeager, G. A., and Cowley, R. A., Ann. Surg., 

1948, 128, 509. 

iswiiccldon, T., J. Bone and Joint Surg., 1939, 
21, 393. 

i» McKcever, D. C., J. Bone and Joint Surg., 
1943, 25, 576. 
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a. Photoniicrograpli of a segment of portal vein 30 davs after tlie application of Pol.vtliene 
and tantalum (X 25). Note the marked fibrosis and chronic inflammatory response in tlic 
media and adventitia. 

h. Photomicrograph of a normal portal vein segment (X 25). 

been stated that the aorta of the dog may It is believed that the gradual fibroplastic 
be occluded with Polythene and tantalum in obliteration of the portal vein produced by 
12 weeks.^^ The interval required for total the irritating cellophane (Polythene) more 
occlusion of the portal vein was approximately closely approximates the gradual reduction 
6 to 8 weeks and the tissue response of the of portal blood flow as seen in certain disease 
vein was similar to that described for the states, e.g.- the cirrhotic diseases, and will 
aorta. facilitate the study of these diseases. 

The 4 dogs which died within 12 hours of Conclusions. 1. The fibroplastic response 
operation illustrate the difficulty in securing in the outer half of the vein wall and in the 
maximal immediate constriction without oc- periportal tissues is similar to the reaction 
eluding the vein to a point incompatible with seen in the aorta following application of 
life. Polythene and tantalum. 

The shortest time interv'al compatible with 2. .At least 6 to 8 w'eeks are required for 
survival between partial ligature occlusion of complete occlusion of the portal vein by 

the portal vein and excision or complete liga- Polythene-induced fibroplasia, 
tion of this vessel has been reported as 10 3. The gradual occlusion of the portal vein 

days.®'® Four of 6 dogs in this series which produced by irritative Polythene may be 

were subjected to excision S days after valuable in preparing for elective ligation of 

partial occlusion survived. This suggests the the portal vein and in the e.xperimental study 

development of a more extensive collateral of decreased portal blood flow, 
venous network with the present method of Summary. one stage procedure for 
occlusion and clinically may be important gradual occlusion of the portal vein using an 
• nrenar’incT for elective ligation of the portal irritative type of cellophane (Polythene) and 
in pre^jai.uo tantalum is described, 

vein. 
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The portal vein in 28 dogs was wrapped 
with Polythene and partially occluded with 
a tantalum band. The veins were removed 
for gross and microscopic e.vamination 3 to 
60 days later. Extensive venous collateral 
channels developed in the gastrohepatic 
mesenterj' and along the posterior peritoneum, 


passing into the renal, rectal, and caval veins. 
In 4 of 6 dogs venous anastomoses were ade- 
quate to sustain life following e.xcision of fte 
portal vein 5 days after partial portal oc- 
clusion. 

Bcceived Sept. 21, 1949. P.S.E.B.M., 1949, 72. 


Neutralization of Three Immunological Types of Poliomyelitis Virus by 
Human Gamma Globulin.^ (1/399) 

Davtd Bodian. (Introduced by H. A. Howe.) 

From the Poliomyelitis Research Center, Department o} Epidemiology, Johns Hopkins University. 


Recent studies of antigenic groups of polio- 
myelitis virus have shovs-n the existence of 
at least 3 distinct tj^pes.^" Two of these are 
widespread in their distribution, but the third 
is represented thus far by only one strain 
(Leon) isolated in Los Angeles, California in 
1937.^ In an attempt to determine whether 
this strain is perhaps unusual in its occurrence, 
or is sufficiently widespread to be considered 
of importance in the epidemiologj^ of this 
disease, neutralization tests nith human 
gamma globulin were caried out using this 
strain as well as representatives of the other 
two antigenic tjpes, Lansing and Brunhilde.^ 
Methods. The viruses used have been 
described in detail before,^ and the pools used 
are designated as Brunhilde III, Lansing 
ITII. and Leon I. These virus pools are of 
high titer, and consist of 10 or more cords 
of rhesus monkeys killed on the first day of 
paralysis. Only lumbar and ceix’ical enlarge- 
ments were used. .Aqueous suspensions were 
prepared uilh a Waring blendor, and aliquots 
sealed in glass ampules and stored on dry ice. 
Titrations of these pools are shown in Table I. 

The globulin solution used was a sample 
supplied by the courtesy of the American Na- 

• Aided bv a pr.nnt from Tlie National Founda- 
tion for Infantile Paralysis, Inc. 

1 Bodian, D., Morpan, I. M., and IIowc, H. A., 
.-Ini. J. Him., 1949, 40, 234. 

2Kossel, .1. F., and Fait, C. F., Pr.OC. Soc. Exp. 
Biot-. .\xi> Mr.i>., 1949, 70, 315. 

aKessel. .1. F., Moore, F. J,, and P.ail. C. P., 
.1 III. .1. nyp.. 194n. 43, 82. 


tional Red Cross who distribute it for measles 
prophylaxis. The sample used was prepared 
by E. R. Squibb and Sons, and information 
regarding it was kindly supplied by Dr. J. W. 
Palmer of the Squibb Company. The human 
plasma pool used in the preparation of the 
globulin pool from which this sample was 
derived totalled 3,000 liters and consisted 
of the surplus plasma returned to the .American 
Red Cross by the armed forces after the u’ar. 
The plasma is therefore representative of 
about 20,000 to 50,000 individuals who con- 
tributed blood to the Red Cross during the 
ivar. These indiriduals lived predominantly 
on the East Coast and in the Great Lakes 
-Area. .A small fraction of the plasma was also 
collected in the Far M'est. The plasma was 
originally dried and subsequently reconstitu- 
ted. The primary fractionation was made 
following method 6 of Cohn, ct al.\*^ the 
subfractionation was made according to 
method 9 of Oncley, et al? The preparation 
of the globulin fraction from plasma does not 
appear to result in deterioration of antibody.® 
The effect of prolonged storage of the plasma 
in the dried state might conceivably have had 
a detrimental effect on antibody' levels, al- 
though this seems doubtful in view of the 

Cobn, E. J., Strong, L. E., Iluglies, VT. L., Jr., 
Mulford, D. J., .\sIiu-ort)i, J. N., Mclin, M., nnd 
T.-iylor, H. L.. .T. Am. Clicm. Soc., 1940, 08, 459. 

5 Oncicr, J. L., Mclin, M., Bicliert, D. .4., Cam- 
eron, J. W., .and Gross, P. M., .Ir., J. Am. Chem. 
Soc., 1949, 71, 541. 

cEndcr.s. J. F., .1. Clin. Invest.. 1944, 2.3, 510. 
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TABLE I. 

Titrations of Virus Pools Used. 


Virus and 



Dilutions of cord 

suspensions in water 


- 

pool N'o. 

' 10-1 

10-2 

10-3 

10-4 

10 -s 

10-« 

10-T 

PD50* 

Brunbilde HI 
Lansing VIII 
Leon I 

9/9 

15/15 

24/24t 

8/8 

24/25 

13/14 

16/16 

14/14 

4/6 

8/8 

4/6 

3/6 

8/8 

2/6 

0/6 

6/10 

0/6 

3/10 

10 -r..c 

10-1.7 

10-C.3 


* PD50 calculated ivith paralytic rates taken on a per cent basis 
t Number paralyzed over number inocnbited (accumulated inoculations). 


TABLE n. 

Neutralization of Poliomyelitis Type A’^iruses by Human Gamma Globulin. 


Viruses 
(100 PD50) 


Globulin dilutions 

10-1 10-2 10-3 KJIS* 


A. 

6/7/49 

Brunbilde 

0/2 1 

1/2 

9./9. 

3/3 



Lansing 

0/2 

0/2 

2/2 

3/3 



Leon 

0/2 

0/2 

2/2 

2/3 

B. 

S/24/49 

Brunbilde 

0/2 

2/4 

2/2 




Lansing 

0/1 

1/3 

o/g 




Leon 

0/2 

0/4 

2/2 





Globulin dilutions 








Neutralization 




lO-i 10-2 

10-3 

PDSOf 

indes( 

Total A -t- B 

Brunbilde 

0/4 3/6 

4/4 

10-2 

10,000 



Lansing 

0/3 1/5 

4/4 

10-2.4 

25,000 



Leon 

0/4 0/6 

4/4 

10 - 2 .r. 

30,000 


* Normal monkey serum. 

i Number monkeys paralyzed over number inoculated. 

i Calculated by the method of Beed and Muench.s 

$ Defined here as the antilog of the sum of the e.xponents of the PD50 of the virns used and 
the PD50 dilution of globulin. The neutralization index is thus based on the titer of the virus 
in aqueous solution, and the assumption is made that virus dilutions and globulin dilutions 
are equivalent. 


results to be described. 

Our sample consisted of 2 ml of a solution 
containing 16.8% of gamma globulin, as com- 
pared to 0.74% contained in normal plasma, 
so that the gamma globulin is not only puri- 
fied but also concentrated to about 23 times 
the level of normal plasma. It should con- 
tain most of the antibodies of adult plasma. 
The original solution used in the tests to be 
described was .diluted with physiological 
saline to prepare 1 to 10, 1 to 100, and 1 to 
1000 dilutions. These were used immediately 
for the first series of neutralization tests and 
the remaining solution stored at 4° C until 
used in the repeated tests. 

The diluted globulin solution was mixed 
in equal proportions with virus suspensions 
to prepare the material for inoculation. The 
mixtures contained 100 PDSO of virus m 


0.4 ml, in each instance. The mixtures were 
allowed to stand at room temperature for 2 
hours, and then at 4° C for 2 hours, before 
inoculation. Each monkey was inoculated 
into the left thalamus with 0.4 ml of the 
globulin-virus mixture according to the method 
described in detail elsewhere.'’^ 

All monkeys were observed for 3 weeks for 
signs of poliomyelitis. Animals which did not 
show typical signs, including severe paralysis, 
were then prepared for histopathological ex- 
amination of brain and spinal cord. The re- 
sults recorded were based on the results of 
these procedures. No instances of non- 
paralytic poliomyelitis were revealed by the 

T Bodi.nn, D., ilorgan, I. M., and Scinrerdt, 
C. E., Am. J. Syg., 1050, 51, No. 1. 

sRced, Ij. .T., and Mucncb, H., Am. J. Hyg., 
1938, 27, 493. 
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histological studies. 

Results. Results are shown in Table II. 
They indicate that the neutralizing capacity 
of gamma globulin in this sample is verj' high 
for each of the 3 antigenic tj^ies of polio- 
myelitis virus. The results of the two sets 
of tests, made with separate virus aliquots, 
show agreement and indicate that the con- 
centrated gamma globulin can neutralize about 
30,000 PD50 of the Lansing and l.eon 
viruses, assuming that virus and globulin 
dilutions are comparable. Storage of the 
globulin solution at 4° C for almost 3 months 
does not appear to have impaired the neutral- 
izing potency. 

Discussion. The most interesting result of 
these tests is that pooled adult gamma globulin 
may contain as much antibody against Leon 
virus, as against the representatives of the 
other two tj^pes, which are known to be wide- 
spread in distribution.^-^ Since relatively few 
strains have thus far been differentiated as to 
type, it is possible that more representatives 
of the Leon tj^pe u-ill be isolated in the 
future. The question may be raised as to 
whether this t 3 pe may have been more or less 
restricted to the Far West, where Leon was 
isolated in 1937, especially since our sample 
of gamma globulin contained some material 
from that area. In view of the fact that only 
a small fraction of the plasma pool was ob- 
tained from individuals in the Far West, it is 
doubtful that the Leon antibody’’ was derived 
only from this source. Since the titer of 
Leon antibody was equal to that of the Lan- 
sing and superior to the Brunhilde \'irus, 
there seems every reason to suppose that the 
Leon virus tj-pe is, or was, of importance in 
the epidemiology of poliomj^elitis. It is 
of further interest that antibodj' against 
Brunhilde virus, the representative of the 
tj^pe currentlj’ found to he most prevalent,^ 
seemed to be present in somewhat less con- 
centration than antibod.v against the other 
two t\-pes. It is obvious, however, that this 
preliminary study should be e.vtended to 
determine in greater detail not only the 
geographical distribution of tj-pe-specific anti- 
botlies in human sera, but also the distribution 
in time and in various age groups. It is also 
possible to speculate that viruses of the 


Brunhilde type, although more prevalent than 
those of other t 3 'pes, mar' be inferior as anti- 
gens. 

Antibod 3 '- against Lansing poliom 3 'elitis 
virus has previousW been demonstrated in 
human gamma globulin.®-® The fact that 
antibodies against all 3 known antigenic 
tr-pes of poliomyelitis virus exist in high con- 
centration in gamma globulin adds further 
emphasis to the report of Bahlke and 
Perkins,^® who found that relativel 3 ' large 
amounts of this material were ineffective in 
the treatment of preparahdic poliom 3 'elitis. 
•Although elaborate controls were e.xercised 
in their studr*, and although it is now clear 
that high pohvalent antibod 3 ' levels are 
present in gamma globulin, their conclusion 
that serum therap}', in any form, is in- 
effective in poliomyelitis still seems to re- 
quire some qualification. First, the virus, or 
\nruses, responsible for the cases the 3 ’ at- 
tempted to treat was not identified as to t 3 ’pe, 
so that a remote possibilit 3 ' e.xists that speci- 
fic antibody was not present in the gamma 
globulin used. Moreover, unconcentrated 
h 3 'perimmune monkey serum contains levels 
of antibody approximatel 3 ' the same as those 
in human gamma globulin.^^-^ Preparation 
of gamma globulin from hx-perimmune serum 
could therefore be expected to produce anti- 
bod 3 ' levels about 20 times greater than those 
found in human gamma globulin. 

Summary. .A sample of gamma globulin, 
refined and concentrated about 23-fold from 
pooled adult human plasma, was tested for 
neutralizing antibodies against representatives 
of three distinct antigenic types of polio- 
myelitis virus, Brunhilde, Lansing, and Leon. 
The neutralizing potenC 3 ' was high against 
all three viruses. A dilution of the globulin 
solution of 1/100 neutralized 100 PD50 of 
virus in almost ever 3 ' instance. .A dilution of 
1/1000 failed to neutralize 100 PDSO of 
virus. 

0 Kramer, S. D., quoted in to. 

10 Bahlke, A. il., and Perkins, J. E., 

1945, 129, 1140. 

11 Morgan, I. M., J. Immunol., 1949. C2, 301. 

1-Howe, II. A., Am. J. Ilyg., in press. 

Keccived Sept. 21, 1949! P.S.E.B.iL, 1949, 72. 
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Pteroylglutarmc Acid, Ascorbic Acid, and Injectable Liver Extract on 
Ujetary Glycme Toxicity in the Rat * (17400) 

James S. Dinning, Cecilia K. Keith, Paul L. Day, and John R Totter 
Fro,n the DcparUncnl o! Bioche,niUry. School of Medicine. University of Arkansas. Litlic Rock. Ark. 


Previous work from this laboratory has 
demonstrated that the growth retardation re- 
sulting from inclusion of sodium benzoate in 
a purified diet for rats may be in part over- 
come by the addition of pteroylglutamic acid 
(PGA) in the diet.^ Experiments were next 
designed to study the effect of feeding high 
glycine diets to rats. In confirmation of the 
work of Hier et air it was found that rats 
receiving a purified diet containing 10 % 
glycine grew at a subnormal rate; hence the 
effects of supplementing this diet with PGA, 
injectable liver extract, and ascorbic acid were 
studied. While these experiments were in 
progress Martel and Gingras'* reported that 
the feeding of a 10% glycine diet to rats 
resulted in growth suppression, mild leu- 
copenia, and an elevated creatinuria, all of 
which responded to PGA. 

Experimental. Six groups of weanling 
Sprague-Dawley rats, 4 males and 4 females 
in each group, were fed the diets given in 
Table I. The rats were fed ad libihtm and 
food intake was measured. Complete blood 
counts were made on the 37th and 46th days 
of the experiment. The differences in weight 
gains among the various groups were statisti- 
cally treated by the analysis of variance 
method.'* 

Results and Discussion. The growth 
curves are given in Fig. 1. It may be ob- 

* Bcsearch pa])cr No. 889, Journal Series, Uni- 
versity of Arkansas. Tliis investigation was sup- 
ported by a research grant from the Division of 
Ecsearch Grants and Fellowships of the National 
Institutes of Health, United States Public Health 
Sernce. 

1 Totter, John E., Amos, Esther S,, and Keith, 
Cecilia K., J. Biol. Chem., 1949, ITS, 8-17. 

- Hier, Stanley IV., Graham, CJ.airo E., and 
Klein, DaAd, Proc. Soc. E.xp. Biol, a.vd JfEP., 
1944, 50, 187. 

3 Martel, F., Page, E., and Gingra.s, E., Bee. 
Canadienne dc Biologic, 194/, VI, 80-. 


served that the inclusion of 10% glycine in 
the purified diet resuited in a greatly de- 
creased rate of growth. PGA markedly im- 
proved the growth of rats receiving the high 
glycine diet. The addition of liver extract 
to the high glycine diet resulted in some 
growth improvement but less than that pro- 
duced by PGA. The liver extract used was 
assayed for PGA and found to contain 2.62 -/ 
per cc; this amounted to approximately 0.2 y 
of PGA per rat per day'. This and the fact 
that the group receiving PG.A plus liver e.v- 
tract grew no faster than those receiving PG.^ 
alone would indicate that some of the growth 
improvement resulting from the liver extract 
may have been due to its content of PGA. 

Johnson and Dana" have presented data to 
indicate that ascorbic acid increased the rate 
of growth and induced a blood response in 
rats fed sulfasuxadine. Woodruff and Darby" 
have reported that the inclusion of PGA in 
the diet of scorbutic guinea pigs reduced the 
excretion of tyrosine metabolites. Such data 
indicate a similarity in function of PG.A and 
ascorbic acid and for this reason one group 
of rats was fed the high glycine diet plus 
ascorbic acid. It may be seen from the 
growth curves that ascorbic acid had Utile 
effect on the growth of the rats. The difference 
in rate of gain between the group receiving 
ascorbic acid and the group receiving high 
glycine alone was not statistically significant. 

Weight gains per gram of food eaten were 
calculated for the various groups and the 
average values were: control 0.295, high 
glycine 0.152, high glycine plus PG.A 0.282, 
high glycine plus liver extract 0.205, high 

•* Siiedct'or, Gcorfjc W., St.'Uistic'al nictho<1s /ip* 
plied to experiments in apiculture and biology, 

Tlic Io«'a State College Press, dth od., 

•'Johnson, B. Connor, and Dana, Ann S., *SViVnre, 

W8, 210. 

Woodruff, Calvin W., and Darby, William J., 

,7, UioL Chrm., 104S, 172, Sol. 
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TABLE 1. 


Composition of Experimental Diets. 

Dietary component 



Groups 



I 

II 

III 

IV 

V 


Casein, % 

IS 

18 

IS 

18 

18 

18 

Sucrose, % 

75 

65 

05 

05 

65 

65 

Criseo, % 

3 

3 

3 

3 

3 

3 

Cod liver oil, % 

o 

O 

O 

o 

O 

*1 

Salt mix* % 


o 

o 

o 

O 


Glycine, % 

0 

10 

10 

10 

10 

10 

PGA— mg/100 g 

0 

0 

0.5 

0 

0.5 

0 

Liver extr. — cc/kilo 

0 

0 

0 

s 

S 

0 

Ascorbic acid — ing/100 g 

0 

0 

0 

0 

0 

100 

Tlie liver extract was an anti-pernieious anemia 

concentrate containing 15 units per cc. The 

following vitamins were added per 100 g to all diets: 





mg 




mg 

Tbiaminc 

0.5 


Choline chloride 

10.0 


Biboflavin 

0.5 


Pvridoxinc hvdrcehloricle 0.5 


Nicotinic acid 

2.0 


Biotin 


0.005 

i-Inositol 

10.0 


Vit. K 


o.o; 

25 

Calcium pantothenate 

1.0 







* Hubbcll, B. B., Mendel, L. B., and Wabeman, A. J., J. Xutr., 1937, 14, 273. 


glycine plus PGA plus liver extract 0.291, and 
high glycine plus ascorbic acid 0.213. With 
the exception of reversal between the ascorbic 
acid and liver extract groups, efficiency of 
gain- ranked the same in the various groups as 
did total weight changes. 

The hematological data are presented in 
Table II. Data for males and females are 



Fin. I. 

OroNvtb curves for rnfs roccvvlnn the various 
dietjs. 


given separately only in Groups 11'' and V, 
since there were no sex differences in the other 
groups. The feeding of the high glycine diet 
did not produce a significant leucopenia in 
these rats when compared to the controls; 
however, addition of PG.\ to this diet did 
elevate the white cell count, .'\ddition of liver 
extract and liver ex-tract plus PG.A to the high 
glycine diet resulted in an increased white 
count in male rats but was without effect 
in the females. 

Although the red cell counts of rats re- 
ceiving the high glycine diet were lower than 
the control group, none of the supplements 
tested were effective in restoring the counts 
to the level of the controls. Hemoglobin 
values were also reduced by the high gljxine 
diet and were improved only by the addition 
of the combination of PG.-\ plus liver extract 
or by ascorbic acid. There were no consistent 
differences in hematocrit or differential white 
cell count among the various groups. The 
rats recemng ascorbic acid were found to 
have a higher mean corpuscular volume than 
any of the other groups. It maj^ also be noted 
that rats receiving ascorbic acid had the 
lowest red count of any of the groups, but 
had a higher hemoglobin level than any of 
the others except the control group and the 
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Pteroylglutamic Acid, Ascorbic Acid, 
Dietary Glycine Toxicity’ 


and Injectable Liver Extract 
in the Rat * (17400) 


on 


James S. Dinning, Cecilia K. Keith. Paul L. Day, and John R Totter 

I-ro,n the Department of BiochemUlry, School of Medicine, University of Arkansas. Little Rock, Ark. 


Previous work from this laboratory has 
demonstrated that the growth retardation re- 
sulting from inclusion of sodium benzoate in 
a purified diet for rats may be in part over- 
come by the addition of pteroylglutamic acid 
(PGA) in the dietJ Experiments were next 
designed to study the effect of feeding high 
glycine diets to rats. In confirmation of the 
work of Hier et al.- it was found that rats 
receiving a purified diet containing 10% 
glycine grew at a subnormal rate; hence the 
effects of supplementing this diet with PGA, 
injectable liver extract, and ascorbic acid were 
studied. While these experiments were in 
progress Martel and Gingras® reported that 
the feeding of a 10% glycine diet to rats 
resulted in growth suppression, mild leu- 
copenia, and an elevated creatinuria, all of 
which responded to PGA. 

Experimental. Six groups of weanling 
Sprague-Dawley rats, 4 males and 4 females 
in each group, were fed the diets given in 
Table I. The rats were fed ad libitum and 
food intake was measured. Complete blood 
counts were made on the 37 th and 46th days 
of the experiment. The differences in weight 
gains among the various groups were statisti- 
cally treated by the analysis of variance 
method."* 

Results and Discussion. The growth 
curves are given in Fig. 1. It may be ob- 

* Research paper No. 889, Journal Series, Uni- 
versity of Arkansas. This investigation was sup- 
ported by a research grant from the Division of 
Research Grants and Fellowships of the National 
Institutes of Health, United States Public Health 
Service. 

1 Totter, John R., Amos, Esther S., and Keith, 
Cecilia K., J. Biol. Cliem., 1949, 17S, 847. 

2 Hier, Stanley tV., Graham, Claire E., and 
Klein, Da\-id, Proc. Soc. Exp. Biol, and Med., 
1944, 56, 187. 

3 Martel, F., Page, E., and Gingras, R., Per. 
Canadienne de Biologic, 1947, VI, SO-. 


served that the inclusion of 10% glycine in 
the purified diet resulted in a greatly de- 
creased rate of growth. PGA markedly im- 
proved the growth of rats receiving the high 
glycine diet. The addition of liver extract 
to the high glycine diet resulted in some 
growth improvement but less than that pro- 
duced by PGA. The liver extract used was 
assayed for PGA and found to contain 2.62 ■/ 
per cc; this amounted to approximate!}'- 0.2 y 
of PGA per rat per day. This and the fact 
that the group receiving PGA plus liver ex- 
tract grew no faster than those receiving PG.4 
alone would indicate that some of the growth 
improvement resulting from the liver extract 
may have been due to its content of PGA. 

Johnson and Dana" have presented data to 
indicate that ascorbic acid increased the rate 
of growth and induced a blood response in 
rats fed sulfasuxadine. Woodruff and Darby*’ 
have reported that the inclusion of PGA in 
the diet of scorbutic guinea pigs reduced the 
excretion of tyrosine metabolites. Such data 
indicate a similarity in function of PGA and 
ascorbic acid and for this reason one group 
of rats was fed the high glycine diet plus 
ascorbic acid. It maj^ be seen from the 
growth curves that ascorbic acid had little 
effect on the growth of the rats. The difference 
in rate of gain between the group receiving 
ascorbic acid and the group receiving high 
glycine alone was not statistically significant. 

Weight gains per gram of food eaten were 
calculated for the various groups and the 
average values -svere: control 0.295, high 
glycine 0.152, high ghxine plus PGA 0.282, 
high glycine plus liver extract 0.205, high 

4 Snedeoor, George V?., Stfitistic.-il methods nj>- 
plied to cxperimejits in iigricnlturc and biolopy, 

Tlie loira State College Press, 4tli ed., 

"» Joliiison, B. Connor, and Dana, Ann S., SrunrCf 
Jff4S, JOS, 

Woodruff, Calvin W., and Darby, M’illiam X, 

J. Sioh Chevu, JP4S, J72, S51. 



The Effect of Staphylococcal Enterotoxin upon the Frog, {Rana 

piptens). (17401) 

Elizabeth D. Robinton. (Introduced by C. X. H. Long.) 

Frow the Departmcnl oj Eyghnc and Bacteriology, Smith College, and the Department of Public 

Health, Yale University. 


Significant advances in the studj' of staphy- 
lococcal food poisoning have been extremely 
difficult because of the lack of a reliable 
diagnostic test. Bioassay methods have been 
described using human volunteers, monkeys, 
suckling pigs, and kittens and cats, none 
of which has proved to be entirely satisfactory. 
The ability of an enterotoxin produced from 
a strain of Micrococcus pyogenes var . aureus 
to elicit a vomit reaction in a test animal 
has been considered evidence of a positive 
test. Animals such as ruminants, horses, and 
rodents lack the appropriate coordinating 
vomit mechanism® and hence the usual labo- 
ratory animal (rabbit, guinea pig, rat, and 
mouse) has been of little value. The common 
frog, Rana piptens, was chosen for this study 
because it has the ability to e.xhibit reverse 
peristalsis of the stomach,® is readily availa- 
ble, is ine.vpensive, and is easily maintained 
under laboratory conditions. 

Procedures and results. Preliminary' ex- 
periments were carried out, using a filtrate 
prepared from a known enterotoxigenic strain 
of Micrococeus pyogenes var. aureus.* Dol- 
man’s" technique was followed in detail in the 
preparation of this and all subsequent filtrates. 
Only' healthy, well-nourished frogs were used. 

1 Jord.in, E. O., J.A.M.A., 1931, 07, 1704. 

- Jordan, E. O., Pr.oc. Soc. Exp. Biol, and SIed., 
1931, 29, IGl. 

3 Hopkins, E. tV., and Poland, E. F., Food Ses., 
1942, 7, 414. 

Dolman, C. E., Caiiad. J. Pub. Health, 1920, 
27, 4S9. 

r* Meyer, II. H., and Gottlieb, E., Experimental 
Pharmaeologn, J. B. Lippincott, Philadelphia, Pa., 
1920, 2nd ed. 

0 Alvarez, VT. C., -In Introduction to Gastrocn- 
tcroXopp, P. B. Ilocbcr, X. Y., 1940, 3rd ed. 

7 Dolman, C. E., Canad. J. Puh. Health, 1940, 
51, OS. 

• Strain Xo. 8 obtained through the kindness of 
Dr. Gail Back, Department of Bacteriology and 
Parasitology, Tlniversity of Chicago. 


Filtrates were first administered either par- 
enterally (into the dorsal lymph sac) or orally 
in X'o. 00 gelatin capsules. Satisfactory re- 
sults were obtained, however, by the simpler 
procedure of direct feeding with a medicine 
dropper. This was accomplished by opening 
the frog’s mouth with large, blunt-ended 
forceps, and then, while holding the mouth 
open by' a thumb inserted near the angle of 
the jaw,® slowly inserting the dropper through 
the esophageal sphincter. Thus, the filtrate 
was placed directly into the frog’s stomach. 
The frog under test was placed in an aquarium 
jar containing a small amount of water and 
was obser%'ed over a period of hours. A 
positive test for enteroto.xin is shown by the 
production of a series of reactions termed for 
the purpose of this discussion a “spasm”, for 
although reverse peristalsis of the stomach 
could be demonstrated, vomiting of the 
stomach contents never occurred. 

A spasm is initiated by a series of swallow- 
ing motions (retraction of the ey'eballs), a 
slowly repeated gaping of the mouth, a gradual 
change in the tone of the skin color, a dis- 
tension of the abdominal w'all, a distinctive 
sitting position (the forelegs at full height 
and the back raised so that it parallels the 
floor of the aquarium). This takes place 
within 3 to 10 minutes and reaches a climax 
when the spasm is completed by a slow- 
motion rubbing of the abdominal wall with 
a hind-foot followed by a wiping of the face 
and mouth with a fore limb. This occurs 
on both sides of the body' and may' last from 
3 to IS minutes. Gradually', mucous is ex- 
pelled from the mouth, abdominal distension 
is decreased and the frog assumes a natural 
sitting position. Gaping of the mouth may 
continue for some time after the other char- 
acteristic body motions have stopped. The 
rapidity' with which the spasm follows the 

s Kose, S, Meryl, personal communication, 1949, 
Bepartment of Zoology, Smith College. 
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group receiving liver extract plus PGA. 

There is not sufficient evidence available 
at present to permit an e.xplanation of the 
growth-promoting effect of PGA when added 
to a high glycine diet for rats. Holland and 
Meinke" have presented evidence which in- 
dicates that PGA may function in the syn- 
thesis of serine by Streptococcus jaccalis. 
It has been show by Sakami® that glycine 
is converted to serine and then to glycogen 
by the rat. It is possible that this conversion 
may be a factor in explanation of our results. 
Experiments are in progress to study the 
effects of PGA on the conversion of glycine to 
serine by liver homogenates. 

Summary. Weanling albino rats were fed 
a standard purified diet, and a similar diet 
containing 10% glycine replacing an equal 
amount of sucrose. Groups of rats were given 
the glycine-containing diet supplemented re- 
spectively with PGA, injectable liver extract, 
PGA plus liver extract, and ascorbic acid. 
The growth of rats receiving the high glycine 
diet was greatly reduced as compared to the 
control group. Supplementation of the high ■ 
glycine diet with PGA and with PGA plus 
liver extract resulted in a marked improve- 
ment in growth rate; liver extract alone iras 
less effective; and ascorbic acid did not 
significantly improve rate of growth of rats 
receiving the 10% glycine diet. Rats re- 
ceiving the high glycine diet did not develop 
a marked leucopenia when compared with 
control rats; however, supplementation of this 
diet with PGA resulted in an increased w'hite 
count while supplementation with liver extract 
and wdth liver e.xtract plus PGA resulted in 
an increased w’hite count in male rats but was 
without effect in females. The mean corpus- 
cular volume w'as found to be highest in rats 
receiving the high glycine diet plus ascorbic 
acid. 


■ Iloliand, Bryant H., and Meinke, W. W., J. 
Biol, Chem., 1949, 178, 7. 

8 Sakami, W., J. Biol. Chcm., 1948, 170, 99J. 

Received .Sept. 21, 1949. P.S.E.B.M., 1949, 72. 
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as applicable to animate as to inanimate 
objects. Nevertheless much is unknown con- 
cerning the chain of events which leads to 
the eventual dissolution or loss of the in- 
tegrity of a system. 

Specific agents are known which produce 
in a mammal a syndrome comparable to that 
seen following radiation. For example, it is 
possible with folic acid antagonists to produce 
epilation, lymphopenia, anemia, hemorrhage, 
diarrhea, anore.xia, malaise, wasting and 
eventual death in much the same sequence as 
occurs with radiation. This can be done 'nith 
concentrations of these substances so low 
in body fluids that they avoid chemical de- 
tection. 

It is possible that the indiscriminate pro- 
duction of ion pairs and excitation of atoms 
in animals by means of radiation may be 
followed by the recombination of ions in such 
a manner that the probability of the formation 
of a specific substance causing the sequence 
of events seen in radiation illness is present. 
Eindence for toxic recombinations has been 
gained from the study of the radiation of 
water in vitro}'- Other simple in vitro ex- 
periments have led to the idea of direct and 
indirect action.® A direct action is one in 
which ionization produced vithin the mole- 
cule causes the effect while an indirect action 
is one in 'which the effect occurs because of 
ionization produced in surrounding material. 
Apart from this consideration of whether a 
to.xic substance is produced directly or in- 
directly, a second, perhaps less fundamental 
question has concerned investigators; Is the 
toxic material during and after formation free 
to move from one part of the animal’s system 
to another and act there? 

The conviction that the production of a 
specific harmful substance could not occur 
without being conveyed throughout the ani- 
mal’s system has led to cross circulation ex- 
periments in which the vascular flow of a non- 
treated animal was connected to that of a 
radiated animal. In general these ex-peri- 
ments have been performed with complete 

1 Itifsc, O., Z. Phtis. Clicm. .1, 1P25>, 140 133 

2 Fricko, II.. . 7 . Chrm. Fhus.. 1034, 2, 550. 

3Ijc:i, D. E., .(cfioiv of Rndmdons on ' Living 

CeVs, cliap. e. Macmillan Co., 1047. 


disregard for the magnitude of the vascular 
exchange or nath some regard but little evalua- 
tion. It is particularly important to realize 
that negative results of cross circulation radia- 
tion experiments are worthless so far as dis- 
proving an hypothesis that radiation damage 
is caused by a circulating agent. Moreover 
similar physical considerations apply to 
transfer within a single animal. A phi'sico- 
mathematical consideration of cross circula- 
tion experiments has been presented in which 
it is shown that the distribution of a sub- 
stance within a system is a function of at 
least two turnover rates, ( 1 ) that of the blood 
flow to the area and (2) that of the meta- 
bolite.® 

Earh' investigators had much difficulty with 
the parabiotic technique — indeed some of 
them admitted to more operative failures than 
successes and with a successful operation there 
was always the question of the efficacy of 
the inosculation. Zacherl irradiated para- 
biotic rats M-ith a lethal and unspecified 
amount of X-ray."* He made no statement 
concerning the specific nature of the shield- 
ing afforded the protected members of the pair. 
He observed concomitant fall in the tempera- 
ture and white blood count of the members of 
the pair; however, the fall of both the white 
blood count and the temperature was not as 
great in the protected member. He gave little 
consideration to the effect of dilution which 
would occur with mixing. He was convinced 
of a radiation toxin. Behnes’ e.xperiments 
on parabiotic guinea pigs are less clearly 
described."' Woenckhaus also was convinced 
that a radiation toxin was produced, but his 


^ Zachorl, H., Beitrap :nr AUgcincimciri:unp dcr 
Bdntgenstrahlcn Stralilcntticrapie, Band, 192C, 23, 
272. 

3 Beline, Deutsche iled. iTochensch., 1920, 4G, 
223. 

Woenckhaus, E., Arch. f. Eip. Path, and 
Pharmak., 1930, Io0-lo2, 183. 

" tajwrcnce, J. S., Dowdy, A. II., and Valentino, 
tv. N., Atomic Energy Commission Declassified 
Document No. MDDC-S53, 1947. 

S Barnes, W. A., and Furth, O. B.. Am. J. Boent., 
1943, 4», G62. 

® llufr, B, L., Trautman, R., and Van Dyke, 
D. C., to lie published. 


Epilation Non-Irradiated Member Parabiotically United Rats 


feeding of the filtrate is apparently dependent 
upon individual susceptibility and enterotoxin 
potency. Reactions have been observed ufith- 
iii a range of 45 minutes to 7 hours. After 
the spasm has subsided^ further reactions ma}' 
be elicited, for at least a 10-day period, by 
feeding the frog. Therefore, it is possible 
to feed and then leave the animal until the 
next morning when a meal is given. A typical 
spasm occurs within 3 to 4 hours. 

Such typical reactions have been obtained 
ivith other known enterotoxigenic strains of 
Micrococcus pyogenes var. aureris,^ while no 
such reaction has ever been observed in frogs 
fed with filtrates prepared from known nega- 
tive strains of Micrococcus pyogenes var. 
aureus No. 902 and 64, Escherichia colt, 
Porteus vulgaris, and sterile culture medium. 
The results of these tests are summarized in 
Table 1. 

A series of frogs was fed known enterotoxi- 
genic filtrates in an effort to show reverse 
peristalsis of the stomach. At the height of 
a spasm the animal was decapitated. In each 
frog studied, the esophageal sphincter was 
relaxed and the stomach was observed in 
reverse motion. Controls included unfed 
frogs, those fed hamburg, and those fed sterile 

f Enterotoxigenic strains Nos. 432 and 422 and 
non-enterotoxigenic strains Nos. 902 and 64 were 
obtained througli the kindness of Dr. Glenn Slo- 
cum, Food and Drug Administration, Washing- 
ton, D.C. 


TABLE I. 

Effect of Enterotoxigenic and Non-Enterotoxigeiiic 
Eiltrates Upon the Erdg (ifaiio pipicns). 


Organism used in 
filtrate preparation 

Total No. of 
frogs tested 

Eeaction 

observed 

Micrococcus p)fof/e7ics 
var, aureus 

No. 101 

28 

Spasms 

No. 8 

8 

tf 

No. 432 

21 

) > 

No. 422 

5 


No. 64 

IS 

None 

No. 902 

0 

3f 

Micrococcus pyogenes 

var. albus 

9 

31 

Escherichia coJi 

G 

3 1 

Proteus vulgaris 

3 

) 3 

Sterile culture medium 

29 

3 f 


culture medium. One each of these was 
sacrificed with each test frog. In no control 
was any reverse motion of the stomach ob- 
served. 

Summary. Staphylococcal enteroto-xins 
which gave positive results rvith the kitten 
test were capable of producing spasms when 
fed to frogs. It would appear from the results 
summarized in Table I, that the frog test was 
specific for no false positive reactions were 
noted. It is not possible to use a frog more 
than once when a positive reaction has been 
obtained and further study is in progress to 
determine the nature of the injury to the 
digestive mechanism. 

Bcccived Sept, 23, 1949. P.S.E.B.M., 1949, 72. 


Epilation in the Non-Irradiated Member of Parabiotically United 

Rats.* (17402) 


Donald C. Van Dyke and Rex L. HuEF.t (Introduced bi" John H. Lawrence.) 
From the Iiistilute oj Experimental Biology, the Donner Laboratory, and the Division of Medical 
Physics, University oj Calijornia, Berkeley. 


Despite the lack of our ability to e.xplain 
this phenomenon — the loss of hair in the non- 
irradiated members of parabiotically united 


♦ This work was supported 
Atomic Energy Commission. 

t Atomic Energj- Commission 
search Eeilow. 


in part by the 
Postdoctorate Be- 


rats — it was thought worthy of record as an 
obsen'ation. 

The relatively few known fundamental re- 
actions involved when either particulate or 
electromagnetic radiation reacts with matter 
are described in the standard te.xtbooks of 
Atomic Physics. These e.xplanations arc fully 
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expectancy. In none of them is obsen’ed the 
wasting and anemia so often described for 
parabiotic rats. The vascular exchange rate 
is .6% of the blood volume per minute.^ 
Litter mates were surgically united (coelio- 
anastomosis) at 20-30 dax's of age. 

.After the pairs of Groups I and II had been 
joined for 2 months the members of Groups 
I and III were radiated alternately on the 
same day. Preciseh'^: one pair xx-as placed in 
the chamber, one animal receiving 27 roent- 
gens and the other 900 roentgens; then 2 
single animals xx'ere placed in the container 
one receix'ing 27 roentgens and the other 900 
roentgens, etc. Following radiation 2 animals 
from each' of the 3 groups were maintained in 
the same cage. Treatment with DDT was 
carried out weekly. 

Results.. For the most part the protected 
members of the radiated pairs and the single 



t 


Fig 2. 

P.-iraliiotic r.ats slinivinK epilation of Ipotli (A) 
irradiated and (B) non-irradiatcd rncnibcrs. 

mX'an Dvkc, D. C., Ilnfi, TJ. L.. Kvan'*. II. M., 
Stnnford Jlrtl. Ilult., 1945, «, 271. 


COURSE OF EPILATION IN PARABIOTIC PAIRS 



Fig. 3. 

animals receix'ing only -27 roentgens showed 
no gross signs of radiation injurx'. Howex'er, 
about 4 weeks following radiation both mem- 
bers of the six pairs in Group I started to 
lose their hair. Such a pair is shown in Fig. 
2. The epilation was obserx'ed simultaneousl}’^ 
but was first much more marked in the pro- 
tected members. Rough estimation of the 
degree of epilation (1 to 4-|-) was made and 
the tabulation of these estimations for the 
6 pairs. Fig. 3, gix'es the course of the epila- 
tion in the 2 animals. The protected animals 
were affected to a greater degree but for a 
shorter time than the unprotected members. 
Neither the single controls, receix'ing 27 roent- 
gens, nor the non-radiated parabionts of 
Group II showed any sign of epilation. The 
single controls receiving 900 roentgens died 
xrithin one week after radiation. The protec- 
tion afforded the radiated parabiont will be 
discussed in a later communication. 

Discussion and Conclusion. Parabiotically 
united rats influence their partners by the 
mixing of their body fluids through their 
common circulation. Therefore, an effect such 
as epilation must result from the transfer of 
material from one member to the other. 
Whether the epilation represents the passage 
of pfix^siologically actix'e material from the 
radiated to the non-radiated or is a manifesta- 
tion of loss of material from the non-irradiated 
to the irradiated is not demonstrated. 


Received Sept. 23, 1949. P.S.E.B.M.. 1949, 72. 
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Epilation Non-Ieradiated Member Parabiotically United Rats 


experiments are subject to the same criticism 
as Zacherl’s.® Lawrence et al? reviewed the 
literature concerning the evidence for a 
circulating radiation toxin and concluded that 
the question was not settled. They set out 
to confirm or deny the presence of such a 
substance by cross-circulating cats (carotid 
to carotid anastomoses) at various time 
periods following radiation of one with 1500 r 
X-ray for a duration of approximately 10 
hours. In spite of the fall in absolute 
lymphocyte count which occurred during and 
after the cross circulation in the non-radiated 
member they concluded that their results did 
not support the theory of a radiation to.xin. 
Exact interpretation of their e.xperiments re- 
quires that the turnover rates of white cells 
and of the blood flow between the animals be 
known. Furth and Barnes® performed an 
extensive experiment on parabiotic mice which 
included much microscopic tissue examina- 
tion. The non-radiated members of the pairs 
showed non-specific changes which were simi- 
lar to but much less than in the radiated 
animal. They mentioned that the parabiotic 
combination offered protection from radiation. 

In this laboratory an experiment ivas 
planned to determine the magnitude of the 
protection from radiation afforded rats in 
parabiosis. During the course of this study 
it was noted that both the radiated and non- 
radiated members of a pair showed epilation; 
starting about 4 weeks after radiation and 
lasting 6 weeks. 

Methods. The apparatus used for radia- 
tion is shown in Fig. 1. It consisted of a 
lead chamber in juxtaposition with a Incite 



C Lead end pKig 
0 . Leod d/yidRQ strip 

E. LucKe end pfug 

F. Luclfe cfiomber 



Fig. 1. 

CJiambcr for exposing parabiotic rats to radiation. 

phantom. The reading in the lead box was 
found to be a constant fraction of the dose 
received inside the phantom, and this reading 
was used later to check the dose given the 
animals. The dose delivered inside the phan- 
tom protected by the lead chamber was found 
to be 3% of that given the unprotected mem- 
ber. Readings w'ere made inside the lead 
chamber by means of the Victoreen Ioniza- 
tion Chambers and also vith x-ra\' film to 
insure the absence of large amounts of soft 
radiation from scatter. 

Three groups of animals were prepared for 
the e.xperiment. Group I consisted of 6 
parabiotic pairs which were subjected to 
radiation, Group II was 6 parabiotic pairs 


chamber between which was a lead divider 
except in the area corresponding to the con- 
necting tissue of the pairs. The dosage given 
was determined by inserting a Incite phantom, 
which has approximately the x-ray absorption 
equivalent of tissue. Victoreen ionization 
chambers were placed in holes drilled in the 
center of the phantom, and a third was placed 
in an attached lead box to serve as a monitor. 
Radiation conditions w’ere 200 K.V., IS ma, 
0 S mm Cu and 1.0 mm A1 filters, 37.5 cm tube 
distance, rate 40 r/min. The time necessaiy 
to deliver the desired dose was deterrnmed 
with the ionization chambers in the plastic 


not radiated and serving as controls to para- 
biosis and Group III was composed of 12 
single animals radiated in the same manner as 
those of Group I. All animals were of ap- 
proximately the same weight so as to insure 
comparable depth dose. The rats were 
females of the Slonaker strain which had been 
propagated by brother and sister inbreeding 
for 50 generations. This degree, of inbreed- 
ing should result in an almost homozygous 
genetic pattern which would fend to eliminate 
the antigen specificity of their nuclear pro- 
teins. Pairs prepared from these animals 
remain in perfect health for the normal life 
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TABT^>: T. 

llatings of Nests on Kaeli I'ay in tl>e Attie Know. 

(Eating of siiookod rats 1-7 ainl controls 1-4 was (liseoiiliiint'ii on llie lOlli day, ))osl siioel;'). 


llaiiy ratings on a scale of 0-1 


Day in 

attic Shock 


Sliocked animals (Xos.1-12) 


Control animals (Nos. 1-1') 


3 

4 

5 

6 
7 
S 
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10 

11 

12 

13 

14 

15 
IG 

17 

18 
10 


12 3 


0 7 S 0 10 n 12 


1 2 3 


nth 

lOtli 

0 
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0 
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0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

.0 

1 

1 

.-I 

,3 

4 

4 


3 3 3 

O .> 

O ^ O 


2 1 
3 2 
3 2 
3 2 


3 

1 

3 

3 

3 

3 

3 

3 

I 

3 

3 

3 


,S !' 


2 4 

3 4 


score. 

No further shocks were administered. As 
can be seen in Fig. 1, shocked animals 
gradually began to build better nests, but it 
was not until the fifth day after the last shock 
(seventh day in the attic room) that the nests 
of the convulsed animals began to approach 
those of the control rats in structure and 
composition. By the seventh day, post shock, 
the nests of 4 of the experimental animals 
could not be distinguished from those of the 
control group, but those of the other 8 were 
slightly inferior. By the tenth day there 
were only minor differences on the part of a 
few of the shocked rats. 

On the tenth day, post shock, the nests of 
i animals from each group were removed 
and fresh nesting materials provided. Dif- 
ferences between shocked and non-shocked 
animals showed up again. By the following 
day (the eleventh day) the control animals 
had rebuilt good nests while the convulsed 
animals had built nests which deserved ratings 
no better than 2. Improvement was rapid, 
however, so that by 48 hours later, nests which 
were rated 3 and 4 were built. This ralin-r 
surpassed their previous highest rating and 
nearly equalled that of control group. There- 


after no constant differencc.s were fouiul. 

Rating of 5 of the shocked rat.s and five of 
the controls was continued until the nine- 
teenth day, post shock, when the .same group 
of psychology students were told that the 
positions of the animals had been changed. 
Using the same criteria for rating, they were 
unable to distinguish between the two groujis. 

Disnissimi. The study reported in this 
paper combines the findings of 2 experimenters 
using the same procedures. 'Phe liehavior of 
the shocked animals in both instances was so 
identical as to warrant reporting them ns one 
study. The fact that the same re.sulls were 
obtained by 2 experimenters working one 
year apart lends support to the validity of tiie 
findings. \Vc may conclude that electro- 
convulsive shocks disturb nest building ac- 
tivity in the male albino rat in an environ- 
ment in which the diurnal range of tempera- 
tures is from 52'-7S'’F, and usually below 
65"F. Furthermore, the disruptive effects 
of convulsive shocks on nest building activity 
of the male rat demonstrates that the effect.s 
in the female described by Rosvold' may he 
common to both sexes, and that they are not 
necessarily the result of the combined faclor.s 
of shock and maternity. 
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Effect of Electroconvulsive Shocks on Nest Building in the Male Albino 

Rat* (17403) 

H. Enger RosvoLDf AND Aean M. Walker. (Introduced by Calvin P. Stone.) 
From the Department of Psychology, McGill University, Montreal, and the Department of 
Psychology, Stanford University, California^ 


In an investigation of the effect of electro- 
convulsive shock on maternal behavior, 
Rosvold^ studied the change in nest build- 
ing activity in the female albino rat. His 
data show definite interference with nest 
building activity, varying in degree with the 
length of time after parturition that the 
series of convulsive shocks is introduced. 

Since Kinder^ has shown that males build 
nests when environmental temperatures are 
low, it is possible to test the effects of electro- 
convulsive shocks on nesting activity in ani- 
mals free from the influence of the physio- 
logical conditions due to pregnancy and ma- 
ternity. Should the shock disrupt the nest 
building of males, it could be argued first, 
that shock influences some factor common 
to both sexes rather than one specific to the 
female, and second, that the effect in the 
females is not the result of the combined stress 
of the convulsive shock and maternity. 

Procedure. Twenty-one adult male albino 
rats approximately JOO days old were selected 
from the Stanford laboratory stock. Twelve of 
these were shocked each day for 9 days, after 
which they were moved into a relatively cold 
attic room (diurnal range, S2°-7S°F; usually 
below 6S°F) for observation of their nest 
building activity. Nine, not shocked but 
otherwise treated like the experimental ani- 
mals, served as controls. Each male was 
placed in a cage similar to those used for the 
females of Rosvold’s^ study. Shavings and 
paper were provided for nesting. tenth 
shock was given about 24 hours after the 
rats had been in the attic. Thereafter they 


» Financed from a Scottish Bite Ecsearch Fund 
administered at Stanford University by Calvin P. 


Stone. 

t Now at Tale University, Departments of Psy- 
choloffv nnd PsycliiRtr}, 

iKosvold, H. E., J. Comp. Physiol. Psychol,, 
1049 423. 118* 

e Kinder, E. F., .J. Fry. Fool., 1927, 47, 11,. 


were undisturbed e.xcept for routine care and 
observation, and the nests were left intact. 

A five point scale was used to rate their 
nests. The points were defined as 0 for no 
use of nesting materials, 1 if the paper had 
been moved to a preferred sleeping place, 2 if 
all the paper had been gathered, 3 if a bowl 
had been formed with paper, and 4 if the 
best possible nest had been built of shavings 
and ail of the paper. 

The electroconvulsive shocks ivere induced 
bj' administering 45 milliamperes for 0.2 
second through alligator clips attached to the 
rat’s ears. This strength of current invaria- 
bly induced a complete tonic-clonic convul- 
sion. 

Results. During the first day in the cold 
room the temperature did not go above 64 °F 
which, according . to Kinder,- should have 
afforded ample thermal incentive for nest 
building. Table I gives the ratings assigned 
to the nests on each observation day in the 
attic room. The control animals began nest- 
ing immediately, and after 6 hours 2 had 
built fiests that were rated as I, one rated as 
2, two as 3, four as 4. Not one of the shocked 
animals (having received 9 shocks) built a 
nest on the first day in the attic room. 

On the second day the shocked males. ex- 
perienced the tenth convulsion while the con- 
trols were removed from the cages for a 
similar length of time. On this day the con- 
trol group improved their nests with the 
result that 6 were rated 4, two rated 3, and 
one, 2. Most of the shocked animals did verj’^ 
little nest building. One gathered some paper 
into a preferred corner and w’as rated J, and 
another built a nest base which was rated 
2. Twenty-five university students taking a 
course in comparative psycholog}' distin- 
guished between the e.xperimental and con- 
trol groups very definitely, giving the shocked 
group less than 15% of a perfect score and 
the control group more than 80% of a perfect 
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TABLE I. 


Eatings of Nests on Each Day in the Attic Eooni. 

(Rating of sliochcd rats 1-7 and controls 1-1 ivas discontinued on the 10th day, post shock). 


Day in 
attic 

Sliock 








Daily ratings on 

a scale of 0-4 
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0 

0 
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0 

0 

1 

4 

4 

3 

1 

3 
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4 

O 
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o 
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score. 

No further shocks were administered. As 
<3n be seen in Fig. 1, shocked animals 
gradually began to build better nests, but it 
■"'as not until the fifth day after the last shock 
(seventh day in the attic room) that the nests 
of the convulsed animals began to approach 
those of the control rats in structure and 
composition. By the seventh day, post shock, 
the nests of 4 of the experimental animals 
could not be distinguished from those of the 
Control group, but those of the other 8 were 
slightly inferior. By the tenth day there 
Were onlj’ minor differences on the part of a 
few of the shocked rats. 

On the tenth day, post shock, the nests of 
5 animals from each group were removed 
and fresh nesting materials provided. Dif- 
ferences between shocked and non-shocked 
animals showed up again. By the following 
day (the eleventh day) the control animals 
had rebuilt good nests while the convulsed 
animals had built nests which deserved ratings 
no better than 2. Improvement was rapid, 
however, so that by 48 hours later, nests which 
"ere rated 3 and 4 were built. This rating 
surpassed their previous highest rating and 
nearly equalled that of control group. There- 


after no constant differences were found. 

Rating of 5 of the shocked rats and five of 
the controls was continued until the nine- 
teenth day, post shock, when the same group 
of psychology students were told that the 
positions of the animals had been changed. 
Using the same criteria for rating, they were 
unable to distinguish between the two groups. 

Discussion. The study reported in this 
paper combines the findings of 2 experimenters 
using the same procedures. The behavior of 
the shocked animals in both instances was so 
identical as to warrant reporting them as one 
stud)'. The fact that the same results were 
obtained by 2 e.xperimenters working one 
year apart lends support to the validity of the 
findings. We may conclude that electro- 
convulsive shocks disturb nest building ac- 
tivity in the male albino rat in an environ- 
ment in which the diurnal range of tempera- 
tures is from 52°-7S°F, and usually below 
65°F. Furthermore, the disruptive effects 
of convulsive shocks on nest building activity 
of the male rat demonstrates that the effects 
in the female described by Rosvold’ may be 
common to both se.xes. and that they' are not 
necessarily the result of the combined factors 
of shock and maternity. 
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Hypotensive Action of Influenza Virus 



Fig. 1. 


Beach® has stated that adequate function- 
ing of innately organized reproductive be- 
havior depends on the organism being under 
the influence of certain hormones at critical 
periods. Unless the hormones are present in 
sufficient strength at the right time, stimuli 
specific to an innately organized pattern of 
behavior have no effect. Eosvold^ suggested 
that the inability of the parturient mother to 
respond to the paper and shavings as nesting 
materials may have been due to the fact that 
the innate organization for these responses 
had not been sensitized by the appropriate 

3 Beach, F. A., Hormones and Behavior, New 
York: Paul Hoeber, Inc., 1948, pp. 368. 

* Eosvold, H. E., J. Comp. Physiol. Psychol., 
1949, 42, 207. 


hormones. He implied that the hormones 
affected were related to the pregnancy-lacta- 
tion cycle. Such an hj^iothesis, without 
qualification, is no longer tenable. 

Summary. Twelve adult male albino rats 
were shocked once a day for 9 daj^s after 
which they were placed in a relatively cold 
attic room and supplied with nest building 
materials. Nine, not shocked but otherwise 
treated like the others, served as controls. In 
the early post shock period the convulsed 
animals made no attempt at nest building 
whereas their controls built e,xcellent nests. 
There rvas gradual recovery so that by the 
tenth day post shock, the convulsed animals 
built nests equal to those of the control rats. 

Bcceived September 6, 1949. P.S.E.B.Jl., 1949 72. 


Hypotensive Action of Influenza A Virus on Rats.* (17404) 


J. Emerson Kempf and H. T. Chang.! 
From the Department of Bacteriology, College of Medicine, University 


The frequent clinical observations of cardio- 
vascular disturbances complicating influenza 

» This inrestigation was supported in p.art by a 
researcli grant from the division of research gr.ants 
and fellowships of the N.ational Institute of 
Health, United States Public Health Service. 


of lUincris, Chicago. 

infection^’® prompted us to undertake an ex- 
perimental investigation of the toxic effect 

t Research Fellow in Medicine, College of Medi- 
cine, University of Illinois. 

iFindland, it., et al.. Am. J. Med. Se., 1945. 
200, 435. 
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of the virus on the cardio-vascular system 
of the host. During a study on the cardiac 
output of ferrets infected by the PR8 strain 
of influenza virus^ arterial hypotension was 
occasionally noticed. Further observations 
disclosed that this phenomenon was invaria- 
bly produced when albino rats were given 
intravenous injections of the virus. A series of 
experiments were then carried out to determine 
the nature of this factor in our preparation. 

Preparation of the virus. A PR8 strain of 
influenza \nrus which was lethal for mice on 
intravenous injection'^ was originally obtained 
from Dr. W. Henle and maintained by pas- 
sages in embryonated eggs by the usual pro- 
cedures of allantoic sac inoculation, incuba- 
tion and harx-est.^ The pooled, bacteria-free 
allantoic fluid was centrifuged at 1050 g to 
remove the debris and then, purified by ad- 
sorption and elution from chick red blood 
cells.'’’ The eluate was then centrifuged at 
20,000 g for one hour and the precipitate was 
suspended in 0.1 M phosphate buffer solution 
of pH 7.0. A final centrifugation at 1050 g 
removed larger particles. In two experiments, 
the material was further purified by methanol 
precipitation according to the method of Cox 
ct al.~ The final product has an average 
hemagglutination titer* of 64,000 per mg of 
nitrogen, and its infectivitj' titer for chick 
embryo was lO''* '* g. The extent to which 
our material was free from non-xdral proteins 
was about the same as the preparations of 
other authors working on the purification of 
influenza virus.®-“ 

Preparation of the animals. 250-300 g male 
albino rats (Harlan strain) were anesthetized 

- Andrews, C. L., J. iled. Soc. X. J., 1940, 37 , 
IG. 

3 Kempf, , 1 . E., and Cliang, II. T., submitted for 
piiljlication. 

•1 Uenlo, G., .and Henle, W., J. Exp. Tied., 1940 
84 , 62 . 1 . 

r, Diapnostic Procedure.’! for riruscs and Eicl;. 
rttsfial m.'ieases, Am. Pub. IlcaUh A.-’.tn., 194 S 9? 

cHare, R., ct «!., Canad. J. Pub. Ilcalth, 1940 
37 , 2 S 4 . ’ ’ 

■ Cox, H. I?., .T. Immunol., 1947^ £50 445 
s Salk, J. K., .T. Immunol., 1944 49 §7 
P Sliarp, A. R., J. Immunol., 1944 43 jop 
JO Stanley, W. M., ,T. Exp, Mid., 1944 , 79, 2.7,7 
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Hypotensive action of virus prepared by differ- 
ent purification procedures and that of norm.al 
allantoic fluid. 

A — ^In.i. of cone, nortnal allantoic fluid. 

B — Inj. of virus cone, by adsorption and elution 
from chick rbc. 

C — Inj. of virus cone, by adsorption and elution 
from chick rbc. plus high speed centrifugation. _ 

D — ^Inj. of virus cone, by adsorption and elution 
from chick rbc. plus high speed centrifugation and 
methanol precipitation. 

with sodium nembutal and the trachea was 
cannulated. Arterial blood pressure was ob- 
tained by direct cannulation of the common 
carotid artery and registered by' mercury 
manometer writing on a ky'mographic drum. 
One ml of the virus suspension per 100 g of 
body weight was injected into the jugular 
vein at the rate of one ml per minute. The 
blood pressure was then observed for the 
next 30 minutes. 

Results. The data of the experiments can 
be summarized in the following categories: 

1. Allantoic fluid of normal 11-day-old chick 
embry'os was harvested, purified and con- 
centrated by' the same procedures used for the 
virus. Injection of this control material did 
not alter the blood pressure (Fig. I, A). 

2, The hypotensive factor seemed to be 
associated with the virus particles since it was 
similarly adsorbed and eluted from chicken 
red blood cells sedimented by high speed 
centrifugation and precipitated by' methanol 
(Fig. 1, B, C, D). When the infectious al- 
lantoic fluid was centrifuged at 20,000 g. the 
precipitate resuspended in buffer solution gave 
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Fig. 1. 


Beachs has stated that adequate function- 
ing of innately organized reproductive be- 
havior depends on the organism being under 
the influence of certain hormones at critical 
periods. Unless the hormones are present in 
sufficient strength at the right time, stimuli 
specific to an innately organized pattern of 
behavior have no effect. Rosvold^ suggested 
that the inability of the parturient mother to 
respond to the paper and shavings as nesting 
materials may have been due to the fact that 
the innate organization for these responses 
had not been sensitized by the appropriate 

3 Beach, F. A., Hormones and Behavior, New 
York: Paul Hoeber, Inc., 1948, pp. 368. 

I Eosvold, H. E., J. Comp. Physiol. Psychol., 
1949, 42, 207. 


hormones. He implied that the hormones 
affected were related to the pregnancy-lacta- 
tion cycle. Such an hjqiothesis, without 
qualification, is no longer tenable. 

Summary. Twelve adult male albino rats 
were shocked once a day for 9 days after 
w'hich they w'ere placed in a relatively cold 
attic room and supplied with nest building 
materials. Nine, not shocked but otherwise 
treated like the others, served as controls. In 
the early post shock period the convulsed 
animals made no attempt at nest building 
whereas their controls built e.xcellent nests. 
There was gradual recovery so that by the 
tenth day post shock, the convulsed animals 
built nests equal to those of the control rats. 

Beceived September 6, 1949. P.S.E.B.J1., 1949 72. 


Hypotensive Action of Influenza A Virus on Rats.* (17404) 

J. Emerson Kempf and H. T. Chang, f 
Prom the Department of Bacteriology, College of Medicine, University of Illinois, Chicago. 

The frequent clinical obsen'ations of cardio- infection^" prompted us to undertake an ex- 
vascular disturbances complicating influenza perimental investigation of the toxic effect 

• This investigation was supported iu p.nrt by a t Eesearch Fellow in Medicine, College of Jfedi- 
researcb grant from the division of rcse.arch grants cine. University of Illinois. 

and* fellowships of the National Institute of i Findland, Jt., ct al., Am. J. Med. Sc., 194o. 
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the loss of the hypotensive factor indicating 
specific neutralization of the factor (Table II. 
A). 

To prove further that the h3TX)tensive 
factor was a fraction of the virus particles, 
the concentrated and purified preparation was 
mixed directly with the immune serum. In- 
jection of the mixture into rats showed a 
significant reduction of the hi^otensive effect 
in comparison with the control material to 
which normal ferret serum was added (Table 
II, B, C). 


6. To elicit the hj-potensive response a 
threshold concentration of virus with hemag- 
glutination titer of 1:8000 was required. Con- 
centrations of idrus with titer between 
1:16,000 and 1:64,000 elicited about the 
same response (Fig. 2). 

Concbtsion. These obsen-ations indicate 
that a fraction of the PR8 strain of influenza 
virus possesses the to.xic property' of lower- 
ing arterial blood pressure in rats. 

Received Sept. 28, 1949. P.S.E.B.M., 1949, 72. 


Kffect of Congo Red on the “MM” Virus. (1/405) 

F. J. :MuRRAY, J. F. SCRUGHAII, AND IMlLTON J. FOTER. 

From the Department of Bacteriology, Research Laboratories of The \Vm. S. Merrcll Company, 

Cincinnati, Ohio. 


Conflicting reports on the effect of trjqian 
red on the neurotropic ^nrus have 

appeared in the literature. Wood and RusofT- 
reported this compound along with two other 
acid dyes, Congo red and brilliant xntal red, 
to be definitely effective against the inrus. 
Using the intraperitoneal injection route fol- 
lowed bj' intraperitoneal inoculation of the 
virus, these workers found an apparent pro- 
tection which was overcome by inoculation 
of the virus in too high concentration. 

Hammon et al.^ have reported the failure 
of tiypan red to protect against the 
virus when the dj'e was injected subcutane- 
ously and the virus inoculated by intraperi- 
toneal route. These authors interpreted the 
results of Wood and Rusoff as being due to 
a non specific protection such as afforded by 
various inert substances when injected pre\i- 
ous to the inoculation of infectious agents bv 
the same route. 

Since the effect of Congo red had been 
reported for only one concentration of “MM” 

1 .Iun};eI)Iut, t’. W., :ind D.nlldorf, C5., Am. ,J. 
Pub. llrntth. J943, .1.1, 109. 

- Wood, H. G., :iiid Ru^ofT, I. I., . 1 . E>/i. Mctl., 
1943, 82, 297. 

3 llommon, W. Mcl)., Aird, I{. 15., ;,„d S.vtiicr, 
Glady.<, Piioc. Soe. Exr. ISioi., .\ni) Mkd.. 194S 
««, 511. 


virus it was thought desirable to determine 
the activity over a range of dilutions. 

In one series of experiments Congo red was 
injected intraperitoneallj' into 12 g mice 
and in a second series the dj’e was administered 
by stomach tube. .As a matter of interest 
triqian red was included in 2 of the e.xperi- 
ments. All virus inoculations ivere b\' the 
intraperitoneal route, serial dilutions being 
made from frozen stock material. A range 
(10-fold) of infecting dilutions was emplo\-ed 
so as to permit calculation of LD50 values 
bj' the method of Reed and Muench.'^ Unless 
otherwise specified, dilutions of 10^^ through 
10“'’ were used for controls and 10'"' through 
10^ for test groups, 6 mice being used pier 
dilution. 

In all experiments calling for the injection 
of dj'e the schedule emplo\-ed was that used 
b\' Wood and Rusoff. .A 1% solution was 
injected in 0.1 cc amounts on each of 3 daj-s 
and the virus was administered one daj’- after 
the last injection. 

For the experiments in which the dj'es 
were given bi’’ stomach tube the schedule 
called for the feeding of 0.5 ml of a I’^o 
solution twice daily for 9 feedings with the 
virus inoculation following the fourth feed- 

1 Rce<l, L. .1., .Tiid Muoneli. It., Am. J. II yp., 
193S, 27. 493. 
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Hypotensive Action of Influenza Virus 


TABLE I. 

Effect of Heat on Hemagglutination, Chick Embryo Infeetivity, Mouse Toxicity and Hypo- 
tensive Factor of the Concentrated Virus Preparation. 


Treatment of the 
purified Hrus 

Hemagglutination 

titer 

Infeetivity 

titer 

Mouse 

toxicity* 

% of drop in B.P. 
after inj. into ratsi 

Hnheated 

1:16000 

10-10 

1:16 

42.9 

Heated at Sfi'C for 4 hr 

1:8000 

10-1 

1:4 

28.2 

8 hr 

1:200 

0 

1:2 

33.6 

12 hr 

0 

0 

0, 

18.2 

16 hr 

0 

0 

0 

5.4} 


* Kills 4 out of 6 in 48 lir. 

Max. drop of B.P. in mm Hg 

t % of drop in B.P. = ; — y X 100. 

Control B.P. reading before inj. 

t This figure is equivalent to spontaneous variation in B.P. during the period .of observation 
on control animals. 


TABLE II. 


Effect of Specific Anti-Serum on 

Neutralization of Hypotensive Factor 
Preparation. 

of the Virus 

Preparations injected into rats 

No. of 
rats used 

Ma.x. drop in B.P. 
during first 30 
min. after inj.* 

% drop in B.P. 
after inj. 

A. Infectious allantoic fluid 

neutralized first and then 
concentrated 

6 

0 mm Hg 

0 

B. Purified virus plus specific 
immune ferret serum 

5 

1" 

11.2 

C. Purified virus plus normal 
ferret serum 

6 

49 

32.91 


* Initial B. P. for all these animals during control period before infection (average) 


^°I)iffere™ee bebveen values for B and C is highly significant statistically. (P value less 
than 0.01). 


a maximal decline of 40 per cent in blood 
pressure while the supernatant of the same 
preparation was entirel}^ without effect. 

3. The hypotensive factor was found to be 
relatively heat resistant being destroyed only 
after heating at 56° C for 16 hours (Table I). 
The hemagglutinins, infeetivity for chick 
embryos and toxicity for mice were all in- 
activated by heating at the same tempera- 
ture for shorter periods of time respectively. 

4 Ferret immune serum titering l:12a00 
• bv the hemagglutination inhibition test was 
produced by injection of infected mouse or 
ferret lung tissue suspension. Addition of 
this serum to pooled allantoic fluid of infected 
Sick embryos resulted in complete neutraliza- 
tion of the virus as indicated by the hemag- 
glutination and chick embryo neutralization 
This neutralized mixture was then 
ated by adsorption and elution from chick 


red blood cells plus high speed centrifugation. 
Injection of the resulting preparation showed 


X Drop tn B P. 
oftar injfction 



Fjo. 2. 

ooiiccntmtioii of the viru>! 


Rclationsliip between l.vpoten 

(shown by hemagglutination titir) -.1 

sivc response. 
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Congo Red and “MM” Virus 


TABLE I. 

Effect of Intrapcritoneally Injected Dye on “MM” Virus. 



Total No. of mice 

Control, LDjo 

Test, LDjo 

LDjn Difference 

Congo red 

f 54 

4 100 
. i 48 

' 8.2 

7.0 1 

7.5 

O rH O 

A 

2.2 

-fo.'i 

>—2.5 

Trjp.in red 

48 

, 7.0 

7.7 

“hO.f 

* Lilntion r.nnge 10-4 tVirongli 10-^. 
t Dilution r.nnge 10-.'> through 10-9, lo mice per dilution, 
t Dilution range 10-4 through 10-8, 10 mice per dilution. 

* 



TABLE II. 

Effect of Orally Administered Dye on 

“IIIP’ Virus. 



Total No. of mice 

Control, LDjn 

Tcst,LDj„ 

LD'o Difference 

Congo red 

00 CO 

7.5 

8.2 

5.2 

5.8 

—2.3 

—2.4 

Trypan red 

48 

7.0 

5.G 

—1.4 


ing. It was felt that two' daily feedings 
would roughly approximate the amounts ad- 
ministered in drug diets. 

The results of experiments • in which the 
dye and the virus were administered by in- 
traperitoneal injection are shown in Table 1. 
It can readily be seen that any protection 
index based on the LDSO differences recorded 
for Congo red will have a wide range and 
the validity of a claim for protective action 
would be open to serious question. The 
erratic results presented are typical of other 
experiments and it is not felt that a truly 
protective compound would be subject to such 
variable results. 

Table II shows the effect of dye adminis- 
tered orally, the virus being given by in- 
traperitoneal injection. While the apparent 
protection may be due to non specific factors, 
such as handling of the mice, it is of interest 
to note that such apparent protection may be 


evoked by administration of the dye through 
a route other than that used for the virus 
injection. 

Calculation of the LDSO standard errors 
would undoubtedly show that little confidence 
could be placed in the LDSO differences re- 
corded and it is not felt that any of the 
differences are indicative of significant pro- 
tection. In considering the work of Wood 
and Rusoff it would not seem that a really 
effective compound would be active against 
one concentration of virus only and we feel 
that the e.xpression “apparent protection” is 
more accurate. 

Conclusions. Congo red was found to 
stimulate an apparent protection against the 
“MM” virus when administered by a route 
other than that used for virus inoculation. 
It is not felt that the degree of protection is 
significant. 

Received August 12, 1949. P.S.E.B.JI., 1949, < — 
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Permeability of Synovial -Membrane 


diseases will be reported in a subsequent paper, 
b)' Fitch, D.R., Com, O., Jallo, Jr., S. J., and 
Seifter, J. 


Material and methods. Sixteen male white 
rabbits weighing between 3.5 and 5.0 kg 
were prepared for this study by a modification 
of the method reported by Curtis and Brun- 
schwig for studying the human knee joint.-"’ 
Each animal was anesthetized with 40 mg 
sodium pentobarbital per kg intraperitoneally, 
then placed on its dorsal surface and the 
inner aspect of each right hind leg was shaved 
at the talocrural articulation. A soft rubber 
catheter was inserted through the urethra into 
the bladder and retained there for the dura- 
tion of the e-v-periment. A sample of urine was 
removed immediately to show that no dye was 
present in the urine at the beginning of the 
e.xperiment. Then by inserting a 26 gauge 
one-inch needle from the inner aspect of the 
ankle, 1.25 mg pbenolsulph'onphthalein (PSP) 
in 0.25 ml of 0.85% NaCl solution was in- 
jected into the cavity of the talocrural articu- 
lation. .After insertion of the needle the 
syringe was aspirated to insure the presence 
of the needle in the joint cavity without hav- 
ing caused trauma and to check against the 
rupture of any small blood vessels. The joint 
was kept e.xtended at all times throughout the 
experiment. Everjr 5 minutes after injection 
the urine was tested for the presence of dye. 
At its first appearance and every 15 minutes 
thereafter the amount of dye in 5 ml urine 
was measured in a Klett colorimeter by the 
method of Dandy and Romitree.® If its dis- 
appearance from the iirine was rapid, measure- 
ments were taken more often. The bladder 
was emptied aft^r each sample of urine w-as 
withdrawn for a reading. All animals were 
standardized in the manner just described 
from’ one to 15 days' before any other com- 
pound was administered. All instillations 
were made into the right hind talocrural artic- 
ulation. The maximum number of tests in 
each rabbit was 5. 

The doses and channel of administration 


. Curtis, G. M., and Brunsclnvig, A., PROC. Soc. 
p. Bioli. aKV JIed., 1930, 37, 3o8 
! Dandy, AV. E., and Eonntrcc, L. G., 4;in. Sur//., 

Lt. o9. 587. 


of each compound used are listed in Table I. 
Compounds injected directlj'' into the joint 
cavity were administered along with the dye. 
All intramuscular and intravenous injections 
were made 30 to 90 minutes before PSP or 
'hyaluronidase was instilled into the joint 
cavity. The hyaluronidase used was prepared 
from bull testes and assayed 8400 turbidity 
reducing units per mg of nitrogen. The urin- 
ary spreading factor was isolated in our 
laboratory from normal urine and has been 
shown not to be hyaluronidase. Ten mg of 
the urinary spreading factor had the same ac- 
tivity as 150 turbidity reducing units of liy- 
aluronidase in causing the spread of dye in 
the skin of rabbits. Colchicine was adminis- 
tered as the alarming stimulus to 2 rabbits in 
order to cause endogenous release of adrenal 
corticoids. 

Results. The effects of hyaluronidase and 
steroids on the permeability of the synovial 
membrane are shown in Table I. Dye first 
appeared in the urine of the control animals on 
an average of 14 minutes after instillation of 
PSP into the synovial cavity. The urinary 
concentration of dye at this time was 49 y 
per ml. The peak concentration was reached 
■within 30 minutes with an average of 126 y 
per ml. Excretion was complete on an average 
of 40 minutes, at which time the concentra- 
tion was 3 y per ml. The ranges of variation 
for the time of initial appearance and for the 
initial concentration were surprisinglj’’ small. 
The time to reach the peak, the concentration 
at 30 minutes, and the duration of e.xcretion 
showed similar constancy. 

1. Effect of hyaluronidase and of urinary 
spreading factor. Instillation of ISO turbid- 
ity reducing units of hyaluronidase and PSP 
into the joint resulted in more rapid absorp- 
tion and elimination of the d 3 ’e. The first 
appearance of dye was in 9 minutes, with a 
urinary concentration of 119 y per ml, which 
was the peak. The duration of excretion was 
20 minutes. Intravenous injection of 120,000 
turbidity reducing units of hyaluronidase per 
kg of body weight caused the dj-e to first 
appear in the urine in 8 minutes at a concen- 
tration of 110 y per ml, which was the peak. 
Excretion was completed in 25 minutes. In- 
travenous injection of 12,000 turbidity reduc- 
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State of permeability of 5yno\'ial membranes 
could be go%’emed by the balance between 
DOCA and some other adrenal steroid. A 
similar opposition of effect was noted in iso- 
lated membranes’- and in human hj-per- 
tensives.® Furthermore, POCA aggravates 
rheumatoid arthritis/® while Compound E 
alieciates this disease.^ 

The s^movial membrane of rabbits in the 
alarm reaction phase of the adaptation sjm- 
drome was completely impermeable to PSP. 
The dye could be recovered from the joint 
more dian 2 hours after its instillation. Iso- 
lated urinar\’ bladder membranes prepared 
from rabbits in the alarm reaction are imper- 
meable to the passage of fluid when used to 
separate M/1 sucrose from distilled water, 
while such bladders prepared from normal 
rabbits act as semipermeable membranes un- 
der the same conditions.’ Such semipermea- 
ble membranes become impermeable to the 
further passage of fluid if serum from a rabbit 
in the alarm reaction is added to them.’ 

.\drena\ steroids are released during the 
adaptation sjmdrome in response to ph\3ical, 
chemical, and psj-chic stresses. A protective 
role is attributed to these in the alarm reaction 
stage.®'” Their role during the stage of 
adaptation is not clear, but the diseases that 
are thought to arise during this stage are 
attributed to DOC.\ intoxication. It might 
well be that protective steroids possibly of 
the Compound E tr-pe are predominant during 
the alarm reaction phase and that possibly 
DOC.'t types dominate the adaptation phase. 
Alle\'iation of adaptation disease could then 
be obtained by administration of Compound 
E types or by the administration of adreno- 
corticotrophic hormone. It is of interest in 
this respect that DOC.A does not affect the 
blood pressure of normotensive individuals 
but aggravates hypertension, which is con- 
sidered to be a disease of adaptation,® and 
that the aggravation b nullified by .^CE, 

The synovial membrane permeability' was 

opercm, G. A., .ind Pines, K. L., Pr.oc. Soc, 
Esp. Biol, ax-d Med., 1049, 71, 443, 

U' Dfpennes. L., ytriliondcan, D.. and Bricairc, 
n., Bidl. Soc. Hal. JTo.tp. Pom, 1947, C,a, 532. 

11 Eonp, C. X. H., Fed. Ftoc., 1947, C, 461. 


not altered shortly after adrenalectomy, nor 
was the response to hyaluronidase abnormal. 
Depletion of adrenal steroids could not have 
occurred in this short period. Changes in 
permeability will probably be seen in the 
animals under study at various inten’als after 
adrenalectomy. 

The findings reported in this paper may be 
of particular significance in considering the 
pathogenesis and treatment of rheumatoid 
arthritis. This disease appears to be a de- 
ficiency in the function of hyaluronic add of 
the synodae. We have demonstrated that 
similar abnormal function of lowered resis- 
tance and increased permeability' can be 
induced by' either by'aluronidase or DOC.A, 
both of which could permit exudation into 
joints. The etiology of rheumatoid arthritis 
has been attributed to hyaluronidases attack- 
ing the synodal structures® and to what may' 
be DOC.A intoxication due to \arious stresses.® 
We have furthermore shown that the effect of 
hyaluronidase is antagonized by' ACE and 
endogenously released adrenal steroids by in- 
creasing the resistance of the synovial barrier. 
We have also demonstrated that DOCA acts 
in opposition to the other steroids present in 
-ACE. These findings are to be considered in 
explaining the mechanism of the beneficial 
effect of Compound E, adrenocorticotrophic 
hormone, and possibly colchicine and salicy- 
lates in the treatment of rheumatoid arthritis 
and rheumatic fever.’®’’® 

Summary and conclusions. 1. The permea- 
bflity' of the sy'nodal membrane as measured 
by' speed of absorption and excretion into the 
urine of phenolsulphonphthalein (PSP) in- 
stilled into the joint was found to be surpris- 
ingly' constant in a group of 16 normal rabbits. 

2. Hyaluronidase markedly’ increased per- 
meability of the synovial membrane. The ef- 
fect was maximal and was not augmented 
by' desoxycorticosterone acetate (DOC.A). 

3. .Adrenal cortical extract decreased per- 
meability' of the synovial membrane and an- 

12 F onnan, C., Seif ter, J,, and Elirict, tV. E., 
J. AVerg^, 1949. 20. 273. 

iSHcncIi, P. S., Slocnmb, C. H., Barnes, A. E., 
Smith, H. L,, Folley, H. F., and Kcndatl, E. C., 
Proc. Staff Meet., Havo Clinic, 1949, 2^, 277. 
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ing units of hyaluronidase per kg resulted in 
no significant change from the normal excre- 
tion pattern. 

Instillation of urinary spreading factor in , 
an amount equal to the spreading activity of 
ISO turbidity reducing units of hyaluronidase 
did not alter the normal excretion pattern. 

2. Effect of adrenal cortical extract (ACE). 
Instillation of one unit of ACE into the joint 
or intramuscular injection of 100 units de- 
layed the initial appearance of dye in the 
urine to 23 minutes at a concentration of 30 to 
40 7 per ml. The peak of 49 to 68 y per ml 
was attained within 30 minutes. Excretion 
was prolonged so that the concentration at 60 
minutes was 49 y per ml and 21 y in 130 
minutes. Instillation of 150 turbidity reduc- 
ing units of hyaluronidase into the joint of 


rate of absorption from the joints of normal 
rabbits and the constant effect of hyaluroni- 
dase lends great weight to the results obtained 
when small groups of animals were subjected 
to the other experimental procedures under 
test and when small changes were obtained. 
The more rapid absorption of PSP from the 
joint of rabbits receiving hyaluronidase is un- 
doubtedly due to increased permeability of the 
synovial membrane. Presumably this is a 
specific effect on the hyaluronic acid of this 
membrane since a non-hyaluronidase spread- 
ing factor did not alter its permeability. The 
large amount of hyaluronidase that was needed 
by intravenous injection to produce the same 
effect as a small amount applied locally is 
accounted for by the presence of hyaluroni- 
dase inhibitors in the blood. 


ACE treated rabbits did not significantly alter 
the excretion pattern obtained with either 
channel of administration of ACE. 

3. Effect of desoxycorticosterone acetate 
(DOCA). Intramuscular injection of DOCA 
decreased the time for initial appearance of 
dye in the urine to 10 minutes at a concentra- 
tion of 112 gammas per ml, which was also 
the peak. Excretion was completed in 19 to 
20 minutes. Instillation of 150 turbidity re- 
ducing units of hyaluronidase into the synovial 
cavity of DOCA treated rabbits did not 
further hasten absorption and excretion. 

4. Effect of alarm reaction. PSP was not 
absorbed from the synovial cavity of rabbits 
in colchicine alarm reaction, and all the dye 
could be recovered from the synovial cavity 
more than two hours after its instillation. 

5. Effect of adrenalectomy. The pattern of 
e.xcretion begun 30 minutes after adrenalecto- 
my was essentially the same as in the intact 
controls. Hyaluronidase had no greater ef- 
fect in such an adrenalectomized rabbit than 


I intact rabbits. 

6. Effect of estrone. Dye first appeared in 
le urine of estrone treated rabbits in 15 
linutes at a concentration of 69 gammas per 
il which was the peak. The duration of ex- 
retion was prolonged to 243 minutes. Instil- 
ition of 150 turbidity reducing units of 
valuronidase into the joint of estrone treated 
ibits did not significantly alter this pa tern 

Discussion. The surprising uniformity of 


The delayed and prolonged absorption of 
PSP from the joint of rabbits receiving adren- 
al cortical extract is undoubtedly due to de- 
creased permeability of the synovial mem- 
brane. ACE probably altered the state of 
polymerization of the hyaluronic acid of the 
membrane since hyaluronidase was no longer 
effective in increasing its permeability’- in ACE 
treated animals. Inhibition of hyaluronidase 
activity by’ ACE has been observed in skin" 
and isolated membranes.^ Estrone treatment 
also prolonged but did not significantly delay 
the onset of absorption of PSP. Since 
hyaluronidase did not increase the permea- 
bility of the synovial membrane in the estrone 
treated rabbits, it is assumed that estrone also 
altered the hyaluronic acid of the membrane. 
Increased resistance to hyaluronidase by es- 
trone has been obser\'ed in skin® and isolated 
membranes.^ 

The symovial membrane was more permea- 
ble to PSP during DOCA treatment tlian in 
the control period. The effect was identical 
with that produced by’ hy’aluronidase. It was 
maximal and could not be augmented by the 
instillation of hyaluronidase into the joint. 

It is significant that the total adrenal steroids 
had the opposite effect of one of them. The 

7 Ops.'ihl, .T., Wliito, A., and Puran-Rcynals, 1',, 
Ann. S', r. Acad. Set’., in prc.<!s. 

sSprant, D. IT., and JfcDc.arnian, S., F.ndocrin- 
oXogy, 1940, 27, 893. 


Antibiotics Against M . tuberculosis 


2S3 


5 animals were autopsied 6 months after the 
institution of hormone treatment. Adminis- 
tration of hormone was suspended 53 days be- 
fore autops}' in 2 XH females which received 
similar treatment. 

Two ovariectomized XH females received 
the same treatment with the estrogen and in 
addition were injected weekly with 150 /ig 
of progesterone in oil. Two additional ovari- 
ectomized females received the estrogen plus 
progesterone; but treatment was suspended 47 
days before autopsy. 

Two XH females ovariectomized at 2 1 daj's 
of age were given 17.5 /ig of testosterone pro- 
pionate in oil weekly by subcutaneous injec- 
tion beginning 2 weeks after operation. This 
treatment was continued until the animals 
were autopsied 554 months after ovariectomy. 
Three mice were similarly treated except that 
thej' received no injections of hormone for 
the 46 days preceding autopsy. 

Histologic serial sections of the adrenal 
glands were studied following complete autop- 
sy. Representative sections of the reproduc- 
tive tracts, submaxillar}' glands and kidneys 
were obseir-ed to assay the hormonal status of 
the e.\perimental animals. 

Cortical adenomas appeared in gonadecto- 
mized mice of the XH strain receiving amounts 
of estrogenic hormone just sufficient to main- 
tain constant estrus. Ovariectomized females 
receiving masculinizing doses of testosterone 
propionate (as judged by' subma.xillary' gland 


histology') also developed cortical adenomas. 
Similar adenomas were present in the ovariec- 
tomized females which received estrogen and 
progesterone simultaneously, and in ovariecto- 
mized females recei\'ing no hormone injections. 
A group of 4 ovariectomized XH females which 
received 0.1 fig of estradiol dipropionate week- 
ly' for 4 months following operation at 35 days 
of age had definite adenomas at autopsy. 

Seventeen of 20 gonadectomized mice on 
hormone treatment developed adenomas which 
were in all respects similar to those observed 
in controls which had been merely' gonadec- 
tomized. Weekly' injections of 0.05 ug of 
estradiol dipropionate failed to prevent the 
development of spontaneous adrenal cortical 
adenomas in XH females.’ 

Since adrenal cortical adenomas developed 
in gonadectomized mice receiving maintenance 
doses of sex hormone, it appears that absence 
of functional gonadal tissue, rather than with- 
drawal of sex hormone, is the prime factor in 
the development of adrenal cortical adenomas 
in gonadectomized mice. The gonad, as com- 
pared to the adrenal, may' preferentially utilize 
trophic hormone of the pituitary' gland. When 
functional gonadal tissue is absent in a strain 
of mice with an extragonadal sensitive target 
organ, such as the XH adrenal cortex, aden- 
omas develop. 

3F7an'z. M. F.. unyiublislied data. 

Eeceivt-l October 10, 1919. P.S.E.B.M., 1919. T2. 


Search for Antibiotics Active Against Ulycobacterium tuberculosis. 1. .A 
Sfreptothricin-Iike Antibiotic from a Streptoniyces sp.* (17408) 


Russell S. IVeiser, Grace M. Gardner, Jordan S. Lefler, and Leone St. Vincent 
(Introduced by Charles A. Evans) 

From the Dcparlmrr.l of iticrobiology. University of Washington, School of Medicine, 

Sfattlc, n'ai/r. 


In a search for antibiotics active against 
Mycobacterium tuberculosis var. hominis 
several hundred antagonists have been en- 
countered and one called Strcplomyccs sp. 
El- in our records was chosen for intensive 
study liecause of its marked activity asainst 
the mycobacteria and the low animal toxicitv 


of its crude filtrate.^ The present report is 

* This investigation vras supported in part bv 
the Division of Research Grants and Felloivships 
of the Xational Institute of Health, IT. S. Rcblic 
Health Service, and in part bv the Alice ^IcDer- 
mott Research Foundation of the Universitr of 
"Washington. 
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tagonized 'the effect of h 3 ^aluronidase. This 
effect of adrenal steroids was more pronounced 
when they were released endogenously by the 
alarm reaction. Estrone also decreased the 
permeability of sjmovial membrane. 

4. Desoxycorticosterone increased maximal- 
ly the permeability of synovial membrane to 
the same extent as hyaluronidase and could 
not he augmented by hyaluronidase. 

5. It is suggested that the normal permea- 
bility of the synovial membrane is in part 
controlled by the balance between adrenal 
steroids of the DOCA type and of the Com- 
pound E type. 

6. These findings are consistent with cur- 
rent views of the etiology of rheumatoid arth- 
ritis either by hyaluronidases or from exposure 
to stressing stimuli. They are also consistent 
with the therapeutic effects of Compound E 


OvAEIECTOMIZED MiCE 

or of adrenocorticotrophic hormone in the 
treatment of arthritis. 

Addendum-. Since completion of this work 
cortisone acetate and adrenocorticotrophic 
hormone (ACTH) were made available to us. 
One mg of cortisone acetate per kg and 0.5 
mg of ACTH per kg were almost as effective 
in decreasing permeability of the s.vnovial 
membrane as the alarm reaction. With both 
compounds only 25 to 30% of the dye was 
excreted in hours. The remainder was 
recovered from the synovial cavity. On this 
basis, the dose of adrenal cortical extract and 
estrone listed in Table I has cortisone activi- 
ty of less than 20%, and the normal mem- 
brane balance of DOCA: cortisone an activitj' 
of 4.5%. 

Ecceived Sept. 2!), 1949. P.S.E.B.M., 1949, 72. 


Development of Adrenal Cortical Adenomas in Ovariectomized Mice In- 
jected with “Physiologic” Doses of Sex Hormone.* (17407) 

IMarthella J. Frantz! and Arthur Kirschbaum 
From the Department of Anatomy, University of Minnesota Medical School, Minneapolis. 


Since the development of adrenal cortical 
adenomas in gonadectomized mice has been 
inhibited bj'' the implantation of pellets of 
estrogenic hormone,^ it might be inferred that 
withdrawal of gonadal secretion is of primary 
importance in precipitating the development 
of the castration-induced adenoma of the 
mouse adrenal cortex. The objective of the 
e.xperiments being reported was to determine 
the effect of the administration of regulated, 
“physiologic” amounts of estrogenic or andro- 
genic hormone on the induction of adrenal 

* This investigation has been aided by grants 
from the National Cancer Institute, The Jane 
Coffin Cliilds Memorial Fund for Medical Eesearcli, 
and the Cancer Fund of the Graduate School of 
the tTniversity of Minnesota. 

t Present address: Department of An.atomy, 
University of Texas Jledical School, G.alveston, 

^Twoolley, G., and Little, C. C., Cancer Research, 
1946, C, 491. 


cortical tumors in susceptible ovariectomized 
mice. 

Mice of the NH strain were used in these 
experiments. NH females develop adrenal cor- 
tical tumors spontaneously following ovarian 
regression, and precociously if gonadecto- 
mized.- Adrenal cortical adenomas are pres- 
ent in most NH mice of both se.xes 5 months 
after removal of the gonads. 

Four NH males and one female which had 
been gonadectomized at 23 days of age re- 
ceived (by subcutaneous injection beginning 
2 weeks after operation) 0.05 microgram of 
estradiol dipropionatet in sesame oil at inter- 
vals of from 5 to 9 days. This treatment iidth 
estrogenic hormone provided for constant es- 
trus, as determined by vaginal smear. These 

e Kirsclibaum, A., Frantz, M. F., and Williams, 
W. L., Cancer Fescarch, 1946, C, 707. 

t The synthetic sex hormones ivcrc .supplied by 
Ciba Pharmaceutical Products through the cour- 
tesy of F. E. Houghton. 
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workers'® showed that most of the antibiotic 
was adsorbed on the Decalso column and all 
dark pigment eliminated. 

The eluate was evaporated in vacuo to a 
small volume and the antibiotic brought down 
as a fine white precipitate by addition of ace- 
tone. Still further purification was carried 
out by the chromatographic method as em- 
ployed by Carter and co-workers" for the 
purification of streptomycin. 

The material was finally concentrated in 
vacuo, reprecipitated with acetone, dissolved 
in double glass-distilled water and sterilized 
by passage through a sintered glass filter. 

D. Methods of Assaying EI5. The potency 
of EI3 was determined by a serial dilution 
method employing the broth base of the 
medium recommended by Loo and co-work- 
ers'® for streptomycin assay. The unitage is 
expressed as dilution units using Escherichia 
coli-communior as the test organism. On the 
basis of dry weight, the final product was bac- 
teriostatic for E. coli-communior in a dilution 
of approximately 1:200,000. The activity of 
various batches of antibiotic was observed to 
vary considerably and no consistent results 
were obtained which would make possible an 
accurate comparison of the effectiveness of the 
several purification methods used. 

E. Antibacterial Spectrum of El;. Antibac- 
terial tests readih' established that EI3 and 
streptomj'cin are different antibiotics. For 
example, the minimum concentrations inhibi- 
tive for Bacillus subtilis were EI.-„ 1.6 units 
and streptomycin, 4.0 units. With Scrratia 
marccsccns the values were EIo 30.0 units and 
streptomycin, 0.75 unit. 

The differences between the antibacterial 
spectra of EI5 and streptothricin were less 
marked. 

In a further attempt to identify EI5 resort 
was made to the development of strains of 
test organisms resistant to streptothricin and 
to EI5. The parent strains of organisms used 

wixio, Y. II., Skell, P. S., Thornbcrry, H. II., 
Ehrlicli, .T., McGuire, ,T. M., S-avage, G. M., and 
Sylvester, J. C., 3. Hact., 1945, 30, 701. 

11 Carter, 11. E., Clark, E. K., Jr., Dickmans, 
S. E.. IjOo, \. II., Skell, V. S., and Strong, XV. A., 
J. Biot. Cticm., 1045, 100, 337. 


for this work were B. subtilis, E. coli hI3G 
and Micrococcus pyogenes var, aureus 209-P. 
They^ were cultured at 37'’C in nutrient broth 
pH 7.1, containing varydng amounts of anti- 
biotic covering the ranges of tolerance and 
subcultures made at 24-hour inten^als -with 
inocula from the highest concentration of 
antibiotic showing growth in the previous 
series. 

Sixty or more serial transfers were made 
over a period of 3 months before cultures of 
appreciable resistance were obtained (cf. Kel- 
ner and IMorton,"* and Trussell, Fulton, and 
Grant®). It was noted that some of the or- 
ganisms tended to lose their acquired resis- 
tance upon repeated subculture on nutrient 
agar. 

The antibacterial spectra of streptothricin 
and purified EI5, determined with the parent 
and resistant strains shown in Table I, clear- 
ly indicate that streptothricin and EI5 are 
different substances. It is noteworthy that 
all of the resistant strains developed against 
Elr, also showed marked resistance to strepto- 
thricin, whereas, resistant strains developed 
against streptothricin do not show' as uniform 
and marked increase in resistance to Els. 
Of additional interest is the case of B. subtilis 
cultivated in EI5 in which a marked resistance 
to streptothricin resulted without an increase 
in resistance to EI3. 

One explanation which maj’^ account for 
these findings is that the dei'elopment of re- 
sistance to one antibiotic may result in the 
development of resistance to another closeh’ 
related antibiotic (cf. Kelner and Morton'). 
Another possible explanation is that the 
preparation of EI3 may' contain a small amount 
of streptothricin as an impurity'. 

F. Comparison of El; U'ith other Strepto- 
thricin-likc Antibiotics. Since lavendulin 
and actinorubin (Kelner and Morton') 
were not available, resort was made to cross- 
streak antibacterial spectral analysis of 5. sp. 
EI3, S. sp. .VIO, and S. sp. A-105 in an at- 
tempt to obtain information on the identity' 
of the respective antibiotics. The results are 
presented in Table II. 

The marked variation in the zones of inhi- 
bition shown by S. sp. .A-IO and S. sp. El.-, 
indicates strongly' that the antibiotic produced 
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the account of a study of this organism and 
the antibiotic it produces. 

Methods and Results. A. Morphological and 
Cidtural Characteristics oj Streptomyces sp. 
EI5. Since preliminary tests of solubility and 
antibacterial activity indicated that the anti- 
biotic produced by S, sp EI5 is similar to 
streptomycin and streptothricin, a comparison 
of the organisms that produce these antibiotics 
was made. 

Streptomyces sp. EI5 was morphologically 
similar to Streptomyces griscus, and both or- 
ganisms produced a soluble yellow to yellow- 
broivn pigment when grown at room tempera- 
ture on nutrient agar, glucose agar, starch 
agar, and gelatin. Only S. griscus produced pig. 
ment on potato agar. The color of the aerial 
mycelium varied from white to tea-green with 
S. griscus and from white to gray with S. sp. 
EIo. The vegetative mycelium of S. griscus 
was white to cream colored and that of S. sp. 
EI 5 yellow to tannish orange. Streptomyces sp. 
EI5 was not susceptible to the 5. griseus acti- 
nophage of Reilly, Harris and Waksman.^ 
These observations indicate that S. griscus 
and S. sp. EI3, are similar but significant- 
ly different organisms. 

Streptomyces lavendulae produced a darker 
brown pigment on glucose agar, nutrient agar 
and glucose broth than 5. sp. EI5, and in ad- 
dition produced pigment on the potato plug. 
Further, slide cultures on Czapek’s medium 
at 30°C showed the aerial mycelium of S. 
lavendulae to be pink to lavender, and the 
hyphae often coiled terminally, in con- 
trast to the white to gray color and the 
straight hyphae of 5. sp. EI5. The conidia 
of. S. sp. EI 5 were observed to be oval to 
globose and considerably smaller than those of 
S. lavendulae. These differences indicate that 
S. lavendulae and 5. sp. EI 5 are not identical. 

It is also probable that S. sp. EI 5 is distinct 
from the organism described by Trussell, 
Fulton and Grant^ since, unlike our organism, 
their organism produces streptom ycin and dis- 

Tlicsis, University 


of Washington, 1946. ^ -xr i „ 

aEeilly, H. Harris, C. A., and Waksman, 

S A J. Sact., 1947, i>4, 431. 

’ 3 Trussell, F. G., Fulton, C. 0., and Grant, G. A., 
J. Bad., 1947, 53, 7<59. 


plays tightly coiled terminal hyphae. In the 
latter respect, our organism differs also from 
the two Actinomyces sp. described by Kelner 
and Morton^ (A-lOand A-105) which produce 
the antibiotics, lavendulin and actinorubin. 

B. Production of Antibiotic El^.i The 1 % 
glucose medium of Waksman and WoodrufF 
proved to be as satisfactory as any medium 
tried including modifications of the soybean 
medium described by Rake and Donovick.® 

Attempts to enhance antibiotic production 
by the procedure employed for S. griscus by 
Waksman, Reilly, and Johnstone" of growing 
the organism in high concentrations of its 
onm antibiotic failed. The standard inoculum 
adopted was a heavy spore suspension of a 
high antibiotic-producing substrain. The or- 
ganisms were grow in shake cultures for S-7 
days and the culture fluid harvested when 
the pH rose to 7.0 to 7.4. It was filtered 
through cotton and stored at -45°C prior to 
extraction. 

C. Concentration and Purification of Elg, 
Since the antibiotic was found to belong to 
the 3rd solubility group of IVaksman,® the 
general scheme of the procedure used by Le- 
Page and Campbell® for the concentration of 
streptomycin was adopted. It consisted of 
adsorption on carbon, elution with acid meth- 
anol and precipitation with acetone. The total 
yield in this concentrate was approximately 
30% of the amount present in the original 
filtrate. 

Further purification was accomplished by 
the use of the synthetic zeolite Decalso. Spot 
plate analyses by the method of Loo and co- 

< Kelner, A., and Morton, H. E., J. Bad., 1947, 
53, 695. 

t Antibiotic Elf. is subsequently dcsigii.ntcd .ns 
EI5. 

5 Waksnunn, S. A., .and Woodruff, H. B., Proc. 
Soc. Exp. Biol. .\nd Med., 1942, 49, 207. 

OBake, G., and Donovick, R., J. Bad., 1946, 52, 
223. 

t Waksman, S. A., Keilly, H. C., and Johnstone, 

D. C., J. Bad., 1946, 52, 393. 

SWaksm.in, S. A., Microbml Antagonisms .and 
Antibiotic Substances, p. 171, The Commonwc.altli 
Fund, New York, N. Y., 1945. 

DLo Page, G. A., and Campbell, E., J. B’ol. 
Chem., 1946, JC2, 163. 
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to the 19 th day. The results demonstrated 
that EI5 is apparent!}' less to.Tic than strepto- 
thricin as judged by the findings of IMolitor,^® 
and more nearly equal to the toxicity of 
actinorubin as determined by iMorton.^'' Both 
actinorubin and EI3 in large dosage cause focal 
necrosis of the liver and renal epithelial 
damage. 

Summary. Search for antibiotics active 
against Mycobacterium tuberculosis var. hom- 
iuis has resulted in the isolation of a strepto- 
thricin-like antibiotic, termed EI^, from an 
unidentified Strcptomyces sp. It is bacterio- 
static for Mycobacterium tuberculosis H 37 Rv 
in dilution of 1 : 100,000 and close!}'- resembles 

13 Alolitor, H., Ann. Hi. I". Acad. Set., 1940, 48, 
101 . 

ir Morton, H. E., Pkoc. Soc. Exp. Biol, and 
JtED., 1947, G4, 327. 


actinorubin in its antibacterial spectrum, gen- 
eral properties, and toxicit}'. 

The organisms that produce the two anti- 
biotics, Streptomyces sp. A -105 and Strepto- 
myces sp. EI3 are morphologically distinct. 

The authors gratefully acknowledge the help of. 
.and are indebted to Dr. Selman A. IVaksman of 
Bntgers Dnirersity for the cultures of Sirepio- 
myces griscus and actinophage; Merck and Com- 
pany. who kindly furnished the streptomycin and 
streptothriein used in the e.xperiments; Dr. H. B. 
Woodruff of the Merck Laboratories for the cul- 
ture of Escherichia coli MSG; Dr. Dorothy Hanire 
of the Squibb Institute for Medic.al Besearch for 
the cultures of 2ticrococcus aureus 209-P and 
haciUus No. 290; Dr. Harry E. Morton of the 
University of Pennsylvania for the cultures of 
Streptomyces sp. A-10 and Streptomyces sp. A-105. 

Received October 11, 194S. P.S.E.B.M., 1949, 72. 


Multiplicity of Antigens in Ragweed Pollen Extracts as Demonstrated by 
the Technic of Oudin. (17409) 

Elmer L. Becker and J. Munoz (Introduced by J. E. Kempf ) 

From the .Mlcrgy Unit and Department of Bacteriology, University of Illinois Professional 

Colleges, Chicago, III. 


The heterogeneity of ragweed ptollen ex- 
tracts has been demonstrated by chemical 
fractionation^ and by electrophoretic analy- 
sis.- Precipitins to crude extracts of ragweed 
pollen have been produced by numerous 
workers,®'^ jjjjt because of the heterogeneity of 
the extracts used, it would be e.xpected that 
the precipitins so obtained were directed to a 
number of different antigenic substances. It 
is the purpose of this paper to show, by a new 
technic, the presence of a multiplicity of anti- 
bodies in the antisera produced against crude 
extracts of ragweed pollen, and consequently, 
the presence of a multiplicity of antigens in 

1 Stull. Sherman, William, and Wilson, W., 
,r. Allergy, 1942, 13, 537. 

3 Abramsnn, H. .V.. Ann. Allergy, 1947, 5, 19. 

3 Kukla, A., and IBrsch, D., J. Immunol., 1940, 
oOl. 

< Eagle, IL, .\rbesman. C. E., and Winkenwer- 
der, W. L.. .7. fmmiinof.. 1939, 30, 425. 


the extracts used for immunization. 

The new technic used to demonstrate 
this antigem’c complexity was that recently 
described by Oudin^® which consists in over- 
laying a solid immune serum-agar mixture con- 
tained in a thin-bore tube with the antigen 
solution. An antigen-antibody precipitate is 
formed as a sharp band which moves down the 
tube as more and more antigen diffuses into 
the agar. Oudin showed that only one band 
is formed when a single antigen-antibody sys- 
tem is present, while multiple systems give 

3 Oudin, J., Compi. Paid. Acad. Sci., 1940, 22 2, 
115. 

c Oudin, J., Bull. .Soc. Chim. Biol., 19^7, 2D, 140. 

5 Oudin, J., Annal. dc I’lnst. Pasteur, 1 94S, 75, 
30. 

s Oudin, J., Annal. dc I’ln.st, Pasteur. 1P4S, 7.";, 
109. ■ 

» Oudiri. J., Compt. Bend. Acad. Sci., l.P_4Ji, 228, 
3 S90. 



ANTiBroTics Against M. tuberculosis 
TABLE I. 

Antibacterial Spectra of Streptothricin and EI 5 Determined nitli Eesistant and Parent Strains 

of Bacteria. 


(Beadings taken after 24 hr at 37°0 in nutrient brotli at pH 7.0). 


Test organism 

Min. inhibiting cone, 
of streptothricin 
in dilution units 

Min. inliibiting 
cone, of El; 
in dilution units 

Bacillus suitilis (parent) 

12 

4 

” ” (streptothricin resistant) 

120 

8 

” ” (BI 5 resistant) 

90 

4 

Escherichia coli (parent) 

O.G 

O.S 

” ” (streptothricin resistant) 

S 

S 

” ” (EI 5 resistant) 

20 

20 

Micrococcus aureus (parent) 

0.3 

0.5 

” ” (streptothricin resistant) 

22 

4 

” ” (I 3 I 5 resistant) 

36 

40 


TABLE II. 


Cross-streak of Antibacterial Spectra of Streptomyccs sp. A-10, Sircptomyces sp. EI 3 . and 
■ Streptomyces sp. A- 105. 


Test organism 

Zone of inhibition in 

S. sp. A-10 S. sp. EI 5 

inm 

S. sp. A-105 

Achronwhacter sp. 

IS 

16 

12 

Aerohacter aerogcncs 

20 

30 

25 

Bacillus ccreus 

10 

3 

5 

” megatherium 

17 

15 

10 

“ mycoidcs 

25 

SO 

30 

” sp.sao 

22 

27 

20 

” suhtilis 

S 

1 

3 

Corynebacterium xerosc 

12 

0 

7 

Escherichia coU-communior 

20 

20 

15 

Micrococcus aureus 209-P 

18 

15 

15 

Sarcina lutca 

20 

15 

10 

Serraiia marcescens 

12 

0 

0 

EI-. resistant 

Bacillus subtilis 

8 

5 


Micrococcus aureus 

10 

3 

5 

Streptothricin resistant 

BaciJlns siil}tilis 

0 

1 

1 

Escherichia coU-communior 

15 

7 

7 

Micrococcus aureus 

25 

. 7 

12 


by 5. sp. A-10 (lavendulin) is different from 
EI 5 . In contrast, the zones of inhibition 
shown by 5. sp. A-IOS and S. sp. EI 5 are simi- 
lar indicating that a close relationship between 
actinorubin and EI 5 . Further both substances 
are soluble in water and acid-methanol, insol- 
uble in ether and acetone, resist boiling, and, 
as shown later, have similar to.xicities for 

' The Antibacterial Activity of Antibiotic 
Eh for the Mycobacteria. By use of the 
method described by Youmans*- Els w^ 
shown to be bacteriostatic for M. tuberculosis 


H37Rv in a dilution of 1:100,000 and for 
Mycobacterium phlei in a dilution of 1:500,- 
000 . 

H. Toxicity of EI^ for Mice. Large doses of 
EIj ranging from 150,000 to 270,000 units 
per kg in the form of both the initial con- 
centrate and purified antibiotic were injected 
intraperitoneally into 10 white mice weighing 
20 to 35 g. One animal died on the 5th day 
and the others were sacrificed from the Sth 


i2Youm.ins G. P., Proc. Soc. Exp. Bioc. axd 
Med., 1944, 57, 119. 
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Tig. 1. 

Movement of 5 bands of precipitate obtained 
with ragweed pollen extract and its homologous 
antiserum plotted against the square root of the 
time. 

least 5 distinct substances in ragweed pollen 
extracts which are antigenic for rabbits. That 
the antigenic complexity may be even great- 
er than this is indicated b}" the observ'ation 


that complete absorption of the ragweed ex- 
tract with rabbit antiserum markedlj' reduces 
the direct skin reactivity in specifically sensi- 
tive human beings, but does not abolish it.^® 
The relationship of these 5 antigens to the 
various chemicaF and electrophoretic- frac- 
tions shown to e.xist in ragweed pollen ex- 
tracts is not known at present, and more work 
is needed to elucidate this problem. The tech- 
nic of Oudin shows great promise in the frac- 
tionation of antigenic mixtures. It has been 
applied by Oudin to the fractionation of horse 
serum® and bv' us to demonstrate the presence 
of at least 3 antigens in cv'tochrome c of 
0.34% iron content.*'* ^Moreover, work from 
Oudin’s laboratories® and from our own (un- 
published experiments) indicates that it may 
be possible to apply his method as a quantita- 
tive tool for the determination of either anti- 
gen or antibodv' concentrations. 

Conclusion. Application of the technic of 
Oudin to ragweed pollen extracts and their 
antisera demonstrated the presence of at least 
5 difi'erent antigens in such e.xtracts. 

13 Becker, E., and Marsliall, B., unpublished 
work. 

ii Becker, E., and Munoz, J., J. Immunol., 1949, 
03, 173. 

Received June 15, 1949. P.S.E.B.M., 1949, 72. 


Allergic Encephalitis Following Injection of Dialysate of Brain Tissue. 

( 17410 ) 

George Hottle,* Gleb A. Nedzel,* John T. Wright,! and J. Frederick Bell* 

(Introduced b}’- K. Habel) 

From the National Institutes of Health, Bethesda. Md. 


The encephalitic process which follows the 
injection into monkej's*" and guinea pigs’’’-* 
of homologous or heterologous brain tissue has 
been variously termed meningo-encephalo- 
myelitis,* acute disseminated encephalomj'e- 
litis,* isoallergic encephalomyelitis® or allergic 
encephalitis,® and has been compared with the 

* Labor.atory of Infectious Diseases. 

1 Laboratory of Pathology. 

« Died Jlay 14, 1949. Laboratory of Biologies 
t'ontrol. 


post-vaccinal (rabies) parab’sis of human 
beings.*" The nature of the factor in brain 


' Kabat, E. .A., Wolf, -A., and Bezer, A. E., 
J. Exp. Med., 1947, So, 117. 

3 Morgan, I. M., ,7. Exp. Med., 1947, So, 131. 

3 Freund, J.. Stern, E. R., and Pisani, T. M., 
.7. Immunol.. 1947, o7, 179. 

Kopcloff, L. M., and Kopeloff, N., ,7. Immunol., 
1947, oT, 229. 

•'Bell, J. F., Wright, .T. T., and Habel, K., Pnoc. 
Soc. E-XP. Biol, and Med., 1949, 70, 457. 
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TABLE I. 

_Supcriiatant_Tes^ on Bagweed PoHeii Extract and Its Homologous Babbit Antiserum. 


Tube No, 


Eagweed 

extract, 

ml 


Precipitable N in mg 
per ml of antiserum 


Precipitin test on 
supernatant (ring method) 
Presence of: 


1 

.04 

.060 


-b 

-b 

+ 

+ 

+ 

o 

.08 

.086 

- 

3 

.12 

.120 



4 

.10 

.126 



5 

.20 

.140 


6 

.30 

.156 

+ 

+ 

7 

.40 

.166 

+ ■ 

+ 


more than one band. The number of such 
■bands corresponds to the minimum number of 
antigen and antibody systems present. Be- 
fore applying this technic to ragweed pollen 
extracts the findings of Oudin were confirmed 
using crj'stalline antigens and antisera of 
known purity. This latter work will be pub- 
lished elsewhere. 

Materials and methods. Defatted short 
ragweed (Ambrosia elatior) pollen was ex- 
tracted with distilled water or physiological 
saline in the proportions of 5 g per 100 cc 
(5^0 extract) or 10 g per 100 cc {10% ex- 
tract). The water or saline used in the ex- 
traction contained 1:5000 merthiolate (Lilly). 
The rabbits were immunized by repeated sub- 
cutaneous injections of the ragweed pollen 
extract using Freund’s adjuvant technic.®-^® 
Before use in the Oudin test the extracts were 
brought to pH 6.S-7.5 -with O.IN sodium hy- 
droxide, and any precipitate which formed was 
filtered off. The procedure followed in the 
Oudin technic was essentially that described 
by him' with only minor modifications. One 
part of 0.6% Bacto agar (Difeo) in physio- 
logical saline containing 1:5000 merthiolate 
was used to mix mth one part of antiserum. 
The agar was kept at 48-50‘’C and the serum 
was brought to ^at temperature before mix- 
ing thoroughly with the agar. Precipitin tubes 
of 3 mm inside diameter and approximately 
5-6 cm long, which had been previously coated 
with 1% agar and dried under vacuum, were 
filled, )4 to 2/3 full with the serum-agar 
mixture. The tubes containing the serum- 
agar were then placed in the refrigerator for 

J. Immunol.. 

1944, 48, 325. 


5 to 10 minutes to allow the agar to solidify. 
The antigen solution containing 1:10,000 
merthiolate was now layered on top of the 
solid serum-agar mixture, and the tubes were 
sealed with plasticine to prevent evaporation 
and kept for 2 weeks at appro.ximately 25°C. 

Restdts. Quantitative precipitin tests were 
set up using rabbit antiserum and short rag- 
weed pollen extract in 50% glycerin in the 
same manner as reported by Bukantz ct al}'^ 
The results of the supernatant analysis shown 
in Table I demonstrate that more than one 
antigen-antibody system exists, since both 
antigen and antibody were found in the same 
supernatant. (See Kendall.^®) The Oudin 
test was run using a 10% extract of ragweed 
pollen in physiological saline. The final con- 
centration of antiserum in the serum-agar 
mixtures was 50%. An antiserum, in a 50% 
final concentration, when tested with 5% 
water extract of the same batch of pollen gave 
5 bands. The position of each individual band 
was measured at 6-18 hour intervals with 
calipers accurate to 0.1 mm. The results of 
plotting the distance moved by each of the 
bands against the square root of the time 
gave, as found by Oudin with other systems, 
straight lines (Fig. 1). These e.xperiments 
were repeated using different antisera with 
similar results. In some e.xperiments there was 
an indication of the presence of a sixth band, 
but this was so faint that one could not be 
certain of its actual existence. 

Discussion. The results of these e.xperi- 
ments clearly demonstrate that there are at 

liBuk.nntz, S., .Tolinson, ^r., .nnd lEnnipton, S.. 

J. Allergy, 1949, 20, 1. 

12 Kendall, F. E., J. Clin. Jitve.st., 1937, 10, 9-1, 
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TABLE I. 

Allorgi e Encoplmlitis Produced in Guinea Pigs by Various Fractions of Brain Tissue. 

Diagnosis} 




Amt 

mg 

Clinical 

Histopatiiological 

Exp. No. 

M-aterial* 

Positive 

Doubtful 

Positive 

21G-A 

Cal acetate extr. of 
normal rabbit brain 
before dialysis 

50 

2/6 

2/6 

1/6 

B 

Dialysate of normal 
rabbit brain 

50 

0/20 

S/20 

P2/1S 

254 

Dialysate of normal 
rabbit brain 

40 

3/5 

0/5 

3/3 

241 

(Same) 

25 

2/10 

2/10 

2/2 

233-A 

Water extr. of nor- 
mal beef brain 
before dialysis 

100 

6/9 

2/9 

1/3 

251-B 

Dialy.satc of normal 
beef brain 

250 

2/10 

2/10 

5/10 

233-B 

(Same) 

100 

2/9 

2/9 

1/3 

D 

(Same) 

50 

1/5 

0/5 

1/1 


* All tissues were ptwiousiy dried and extracted with benzene and etlier. 
i Expressed as e<iuivalent weight of wet whole brain, 
f Denominator of fraction indicates number of animals in each experiment. 


Jitis. In no instance, however, did all of the 
animals injected with any one preparation 
develop the characteristic signs or lesions of 
the disease. Since the incidence of this disease 
follom'ng one dose of whole brain in adjutmnt 
has been variable^ no attempt was made to 
determine the amount of factor present by the 
incidence of positive reactions in animals. 
All observations which showed a positive pic- 
ture of allergic encephalitis are regarded as 
significant. 

On the basis of the above it is ev'ident that 
the substance which causes allergic encepha- 
litis is capable of passing through a cellophane 
membrane and, therefore, has a molecular 
weight of approximately 10,000 or less. It 
will be recalled that Alvord' found the factor 
to be a beat-stable, pbosphatide-like substance 


which might possibly resemble the alcohol- 
soluble brain-hapten of Lewis® and Rudy.® 
Ver>' little is known regarding the properties 
of the materials recovered in the dialysate, 
except that the mixture contains salts, amino 
acids and other substances and is Biuret 
negative at a concentration equivalent to 
200% brain tissue, i.c., a solution with 4 to 
S% total solids. 

Sjnnmary. The dialysate of benzene-ether 
c.xtracted brain tissue is capable of causing 
signs and lesions of allergic encephalitis in 
guinea pigs. The material recovered in the 
dialysate is free of protein and presumablj’ 
contains only substances of low molecular 
weight. 

Uccfived Sept. 20. lOIO. P.S.E.B.Jt., 1P4P, 72. 
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which is responsible for this process is not 
known, although reports have appeared show- 
ing that the factor is present in the phospha- 
tide fraction of brain’-^ and in the protein 
fraction remaining after extraction of all brain 
lipoids.” Work on the purification of rabies 
vaccine^ has shown that the factor which 
causes allergic encephalitis is soluble in a 


be contaminated. After storage at 6° C for 

3 to 4 days with frequent agitation, the clear 
dialysate, which now had a slightly amber 
tint, was removed and dried from the frozen 
state. This dialysate usually contained 2 to 

4 mg of solids per milliliter at a concentra- 
tion equivalent to an original 10% brain 
emulsion. 


solution of calcium acetate. This factor was 
separated from rabies vaccine by washing the 
infected brain tissue carefully with calcium 
acetate solution after extraction with benzene 
and ether. When incoiporated into the 
mineral oil adjuvant described by Freund and 
McDermott,® .the separated factor produced 
allergic encephalitis in guinea pigs. This re- 
port describes some observations made during 
a studj' of the properties of the factor causing 
allergic encephalitis. 

The procedure by which dialysates of brain 
tissue were prepared is an extension of the 
method® for freeing rabies vaccine from the 
factor causing allergic encephalitis. Brain 
tissues from rabbits and cattle were minced 
in a Waring Blendor, suspended in distilled 
water, and the suspensions dried from the 
frozen state. The dried brain was extracted 


The presence of the allergic factor in the 
brain dialysate was determined bv mixing a S 
ml sample with 5 ml of the adjuvant (4.5 ml of 
mineral oil containing 9 mg of dried acid fast 
bacilli [B.C.G.j, plus 0.5 ml Arlacel A) and 
injecting 1 ml of the mixture subcutaneously 
into each 200-250 g guinea pig. The animals 
were obsen^ed for at least a month following 
injection. Those which developed only slight 
weakness in the hind quarters are recorded as 
having doubtful symptoms, those with definite 
weakness or paralysis as positive. Forty-six 
of the 74 animals used were killed for histo- 
logical study in various stages of the disease, 
after clinical recover^', or after 30 to 60 da 3 's 
had elapsed without clinical evidence of al- 
lergic encephalitis. Therefore, final mortality 
figures could not be tabulated. Brains and 
spinal cords were fixed in formalin and sec- 


with benzene followed by two extractions woth 
ether. After removal of the ether, the brain 
tissue was suspended in distilled water. When 
the suspension had become thoroughly hy- 
drated, it w'as further diluted ivith an equal 
volume of jM/5 calcium acetate solution, or 
in some experiments with distilled water. The 
mixture was placed in cellophane tubing and 
suspended in 4 volumes of distilled water. 
All cellophane tubes were tested by filling 
them with water and obserinng for leaks while 
moderate pressure w'as applied to the top of 
the tubes. Care was taken to wash the end 
of the tubing through which brain suspension 
was introduced so that the dialysate would not 


rrewdT^., and itcDermotf, K., Pboc. Soc. 
Exp. Biol, and Med., 19-12, 49, 54S. 

7 Alvord, E. C., J. Ivuiniiiot., 1949, 61, 355. 

S Lewis, J. H., J. Immunol., 1934, 20, 331. 
oEudy, H., Biochem. Z., 1933, 207, 77. 

10 Stuart, G., and Kritorian, K. S., Ann. Trop. 
Meet. Parnsit; 1928, 22, 32 1 . 

11 Koproivski, II., and Jervis, 6. A., PROC. Soc. 

EXP. Biol, axd Med., M*!®! 


tions through the thalamus, pons, and several 
levels of the cord were examined. The lesions 
found were similar in all respects to those 
previously produced by the injection of un- 
modified brain tissue in adjuvant. Thei' con- 
sisted of scattered, perivascular cuffs of 
mononuclear and microglial cells about venules 
in the cerebral white matter, hippocampus, 
thalamus, pons, cerebellar white matter, and 
cord. The size and number of the lesions 
varied greatly in indmdual animals. 

Brain preparations which produced either 
positive clinical signs or characteristic micro- 
scopic brain lesions were listed as containing 
the factor. In most cases a positive histo- 
pathological diagnosis was related to positive 
clinical signs. In a few ca.ses characteristic 
lesions were found in animals which showed 
no clinical signs of the disease. The results of 
6 e.xperiments on dialysis are summarized in 
the accompanying table. 

It will be noted that animals injected with 
the brain preparations either before or after 
dialj'sis showed evidence of allergic encepha- 
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TABLE I. 


Effect of Bose Bengal and U.V. Liglit Alone and in Combination on Tlrinaiy Coproporpliyrin 

Excretion in-Babbits (y per 24 hr). 


Day 

El 

B2 

E3 

K4 

B5 

Control 1 

Control 2 

0 

7.0 

0.2 

0.4 9.7 

Bose Bengal and U.V. 

5.8 

light 

7.8 

0.0 

1 

300.0 

110.0 

120.0 

150.0 

135.0 

s.e 

5.2 

2 

80.0 

90.0 

53.2 

55.0 

70.8 

14.0 

0.3 

3 

70.0 

70.0 

25.0 

38.0 

02.8 

9.0 

7.2 

4 

30.0 

12.0 

13.0 

38.7 

15.7 

0.8 

7.4 

5 

7.2 

10.0 

10.0 

7.7 

13.S 

9.4 

G.S 

G 

9.4 

5.0 

— 

15.3 

9.7 

S.G 

8.1 

7 

10.0 

0.3 

15.0 

21.3 

9.8 

6.0 

7.3 

8 

10.4 

7.8 

12.0 

10.7 

10.1 

5.8 

6.5 

9 

10.1 

9.4 

11.0 

10.5 

8.7 

7.0 

7.3 


TABLE II. 


Effect of Hemolysis Produced by Distilled "VTatcr or Phenylhydrazine Hydrochloride on ITrinary 
Coproporpliyrin Excretion in Rabbits* 


Day 


Urinary Coproporphyrin 

in -/ in 24 hr 

EG 

E7 

RS 

0 

7.3 

9.7 

10.0 




Phcnvlhvdrazine with 


Distilled water 

Phenylhydrazine alone 

U.V. light 

1 

4.1 

10.0 

9.9 

2 . 

9.7 

12.0 

10.0 

3 

11.0 

16.0 

4,5 

4 

10.8 

27.0 

10.9 

5 

9.7 

28.0 

28.0 

0 

8.4 

20.1 

42.0 

7 


40.7 

24.0 


quantity to cause a rapid and intense hemoty- 
sis in one rabbit. .\s seen in Table II, there 
was little if any effect on the coproporphyrin 
e.xcretion. 

For the same purpose 30 mg of phenylhy- 
drazine hydrochloride per kg were injected 
subcutaneously into 2 rabbits. One of these 
animals (R8) was e.\-posed to U.V. light for 
25 minutes immediately after phenylhj'drazine 
administration. 

The mild delayed increase noted in the 
phenylhydrazine e.xperiments in Table II is 
probably related to increased erythropoietic 
activity, as previously found by Schwartz 
and co-workers.® 

Sutumary and coticliisions. The administra- 
tion of Rose Bengal and ultraviolet irradiation 
in rabbits results in rapid and marked increase 
in the e.xcretion of urinary coproporphvrin 

0 Sclmarlz, S., aiickman,~M.71hiiu7rr B., ami 
Wallace, .1., ABCl) eiOfi. 


Tj^ie III to values 17 to 40 times those in the 
controls, returning to normal by the 5th day. 
Neither the dye alone nor the irradiation alone 
had any effect. 

Simple hemolysis by distilled water had no 
effect upon the urinarj' coproporphvrin ex- 
cretion. Phenylhj’drazine produced a slight 
delayed increase of coproporphyrin excretion 
believed to be due largely to an increase of 
coproporphvrin Type I, as a result of increased 
eiythropoiesis. 

Additional studies are being undertaken 
in an attempt to discover the origin of the 
coproporphvrin excreted and the effects of 
other photodynamic compounds. 

These results constitute the first demonstra- 
tion that photodynamic activity causes a 
marked increase in the e.xcretion of copropor- 
phjTin III. 

Boccived .Tulv 2o, 1949. P.S.E.B.M., 1949, 72. 
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Effect of Rose Bengal and Ultra Violet Light on Porphyrin Excretion in 

Rabbits.* ( 17411 ) 

R. PiMENTA DE MeeloI (Introduced by C. J. Watson) 

From the Department of Medicine, University oj Minnesota Hospital, Minneapolis, Minn. 


The photodynamic effect of porphyrins in 
vitro and in vivo is well known, ^ as is the 
relationship of sunlight to so called photo- 
sensitive or congenital porphyria. In 10 cases 
of Pemphigus joliaceus characterized by pho- 
tosensitivity, the author has also found large 
increases in excretion of urinary coproporphy- 
rin. 1 The question arose as to whether a 
heightened urinary porphyrin excretion might 
be the effect of photodynamic activity, rather 
than, as always hitherto supposed, that the 
excessive porphyrin was the cause of this 
activity. The well known occurrence of 
marked increases of urinary copraparphyrin 
III in a variety of disease states,- -without 
photosensitivity, in fact suggested that photo- 
dynamic activity in the Pemphigus foliacens 
cases might be causing the coproporphyrinuria. 

Rose Bengal is also known to exert a power- 
ful photodynamic action.® In studying the 
fundamental relationship of light to porphyrin 
e.xcretion the effect of previous sensitization 
by Rose Bengal and other photosensitizing 
compounds was investigated. Some of the 
results are the basis for the present report. 

Methods. Adult rabbits of either sex were 
injected intravenously with a dose of 100 mg 
of Rose Bengal per kilo of body weight. The 
dye was dissolved in 10 cc of physiological 
saline solution. 

Unfiltered light from a CH-4 Mercury arc 
lamp^ of maximum near ultraviolet intensity 

* Aided by Kesearcli Grant No. 345, IT. S. Public 
Serrice. 

1 Fellow of tlie Guggenheim Foundation. (From 
the Institute Osrv.aldo Cruz, Eio dc Janeiro, 
Brazil). 

1 Blum H. F., Pliotodynamic actions and dis- 
ease caused by light, Eeinhold Pub. Corp., 1.041. 

J Unpublished. 

SlVatson, C. J., and Larson, E., Physiol. Jtev., 
1947, 27, 47S. 

S Ficssinger, K., Albcau.x Fernet, M., Aussana.re, 
M., Bull Soe. Franc. Derm, el Syph., 1937, 44, 

17CS. 


at 3650 A, was used for the photosensitization. 
This wave length corresponds with the maxi- 
mum absorption of the dye. The hair was 
shaved from the animal’s back and the 
shaved area was irradiated immediately 
following the administration of Rose Bengal 
for 25 minutes at a distance of 12 inches, the 
approximate focal distance of the lamp. 

The concentration of total urinary copro- 
porphyrin was determined with a Lumetron 
ffuorophotometer, in other respects following 
the technic of Schwartz, Hawkinson, Cohen, 
and Watson.® Their method of isomer 
analysis® was also employed. Crystallization 
of copropoiphyrin methyl ester was done ac- 
cording to methods used previously in this 
laboratory.® 

Results. The results are given in Table I. 
The zero value in each instance serves as a 
control. Rabbits R1-R5 received both Rose 
Bengal and ultraviolet light at the beginning 
of day number I. Control Rabbit No. 1 was 
injected with Rose Bengal in the same con- 
centration, but the animal was kept in dark- 
ness. Control Rabbit No. 2 received ultra- 
violet irradiation but no Rose Bengal. 

Isomer analysis of the coproporphyrin from 
Rabbit 1 for the first 24 hours after the 
photosensitization, revealed 96% copropor- 
ph 3 'rin tjT>e III, indicating that most of the 
increase was of this isomer. The methyl ester 
crystallized in t\’pical rosettes melting at 145°, 
thus confirming the isomer analysis. 

The fecal coproporphyrin was determined 
during the first 4-daj^ periods in 3 rabbits. No 
increased values were found. 

To control the factor of hemolysis, distilled 
water was injected intravenously in sufficient 

(.Bbuck Light Proctuct.s-, Inc., Cliic.igo, III., 
Model Ho. Bl-3. 

■1 Sebrartz, S., Il.iukiu.ion, V.. Colicn, .S., .nnd 
Watson, C. J., J. Biol. Clirm., 1947, lOS, 133. 

5 Grinstcin, Jt., .Schwartz. S., and Watson, C. J., 

J. Biot. Chrrn., 1945, ir>7, 33,3. 
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FIG.I. Non-Glucosamine Serum Polysaccharide of Ooos Expressed as a 
Percentage of Serum Protein Following Injury, 


claving for 30 minutes at 15 lb pressure. The 
turpentine Tvas then transferred to a s3Tinge 
and injected into the e-xperimental animals, 
using aseptic technic. In one series of studies 
the turpentine was injected into the pleural 
cavit}', and in a second series it was injected 
intramuscularh'. Opie"' describes the former 
l^Tie of injection as “resulting in serofibrinous 
inflammation which undergoes resolution, so 
that the pleural cavitj' is restored to normal 
in about 10 da\’s; there is no destruction of 
tissue.” 

Intramuscular injection of turpentine on the 
other hand results in a sterile abscess which 
is filled with purulent material. In this case 
there is much destruction of tissue earh' in 
the course and repair b\' granulation and 
fibrosis after evacuation or absorption of the 
contents of tlie abscess. In our e.N'periments, 
using mongrel dogs, sivelling usualh' became 
apparent after 24 hours, reached a maximum 
at 4S-72 hours, and was reduced after 5 days. 
The temperature was usually elevated after 

'-Dpic. r. L., Arc7,. Int. 3tc<l., 191^^41. ’ 


24 hours, reached a ma.vimum within 48 hours, 
and became normal by the fifth dat'. Abscess 
formation was noted in evert' case; in ap- 
proximateh' one-half of the e.xperiments the 
abscess ruptured spontaneous!}’ and drained 
about the fourth dat'. In these cases it was 
apparent that considerable tissue damage re- 
sulted; the formation of some repair tissue 
had taken place by the fourth day, when 
rupture occurred. .A.verage results of the poly- 
saccharide e.xpressed as percentage of protein 
for 6 animals are e.xpressed graphically in 
Fig. 1. In both tiTies of injection the serum 
polysaccharide levels reached maximal eleva- 
tion on the fourth day, however, the animals 
injected intramuscularly exhibited the higher 
maxima. 

Talc Granuloma. .K talc suspension for in- 
jection was prepared by suspending 20 g of 
talc in SO ml of water. The suspension was 
sterilized, allowed to cool, resuspended and 
injected intraperiloneally into healthy mon- 
grel dogs through a Xo. 15 needle, using 
aseptic technic. The signs of peritoneal ir- 



294 


Serum Polysaccharide Levels in Experimental Inflammation.* (17412) 

INI. R. Shetlar, R. S. Bryan, Janeal Vielet Foster, Clara L. Shetlar and 

jSIark R. EraRETT 

From the Department of Biochemistry, University of Oklahoma School of Medicine, 


Oklahoma 

The serum polysaccharide level has been 
shown to be elevated in malignancies, tubercu- 
losis, and certain other pathological conditions. 
It has been suggested by Seibert, Seibert, 
Atno, and CampbelP that this rise is related to 
tissue destruction. They note that the a 2 
globulin, which is especially rich in carbohy- 
drate content, is elevated in tuberculosis and 
carcinomas. Since Shedlovsky and Scudder- 
have noted that a rise in a 2 globulin is asso- 
ciated with inflammation or tissue destruction 
irrespective of cause, one might postulate that 
a rise in serum polysaccharides is to be ex- 
pected wherever inflammation occurs. In 
studies of human conditions this has, in 
general, proved to be true,® although low re- 
sults were, found in some infectious diseases. 
It appeared that this problem might be further 
elucidated by a study of inflammation in ex- 
perimental animals. 

Experimental. Chemical methods. In this 
study non-glucosamine polysaccharide and 
protein were determined as previously de- 
scribed."* Glucosamine polysaccharide was 
also determined on all samples, but as the 
results roughly parallel those for non-glucosa- 
mine polysaccharide, they are not given in 
this paper. 

Injlammation due to injection. In order to 

* This work was supported by a grant from the 
American Cancer Society on the recommendation 
of the Committee on Growth of tlie National Re- 
search Council and by funds from the John Archer 
Hatchett Memorial Fund. 

1 Seibert, F. B., Seibert, M. V., Atno, A. J., and 
Campbell, H. M., J. Clin. Invest., 194/, 20, 90. 

2 Shedlovsky, T., and Scudder, J., J. Exp. Med., 
1942, 75, 119. 

3 Shetlar, M. E., Foster, J. T., Kelly, K. H., 
Shetlar, C. H, Bryan, E. S., and Everett, M. E., 
accepted for publication in Cancer Eescarch. 

4 Shetlar, M. E., Foster, J. F., Kelly, K. H., and 
Everett, M. E., Pkoo. Soc. Exr. Biol, and SfED., 
1948, C9, 507. 


City, Okla. 

produce an infectious lesion which could be 
closely followed, S ml of a mixed culture of 
Staphylococcus aureus and Streptococcus pyo- 
genes and mucinf were injected subcutaneously 
into the back legs of healthy mongrel canines. 
In several cases, large abscesses about 10 cm 
in diameter resulted. The abscesses usually 
ruptured spontaneously and drained on about 
the sixth day; the skin sloughed on the eighth 
day, leaving the abscess area lined with 
granulation tissue. The wounds granulated 
completely within 60 days. The temperature 
reached a maximal elevation on the third day, 
but did not return to normal until the sixth 
day. Clinically, there was no sign of septi- 
cemia, and the animals appeared greatly im- 
proved by the sixth day. The non-glucosa- 
mine polysaccharide level was elevated slight- 
ly on the first day, when e.xpressed as a per- 
centage of protein, but did not reach a maxi- 
mum until the sixth day. The level then fell 
slowly, but it was still elevated appreciably on 
the 26th day and did not become normal until 
■the 52nd day. Results obtained from the 
study of 3 dogs are depicted graphically in 
Fig. 1. Similar results were not obtained with 
all dogs, as some animals exhibited more re- 
sistance to the infectious agent and no ap- 
parent abscess was formed. In these cases the 
maximal polysaccharide level was not so high, 
and the return to normal occurred much 
earlier. 

Turpentine Injlammation. Turpentine was 
sterilized for injection by filtering National 
Formulary grade turpentine through a Seitz 
filter by suction into a filter flask. The flask 
and filter were previously sterilized by auto- 

t The .authors wish to gr.ifcfull.v aekiiowleilge 
the aid of Pr. Florene Kell.v .and Pr. iromcr 
Marsh, Pepartment of Bacteriolog.v, OkJahonia 
University School of Medicine, for their advice in 
planning the bacterial phase of tliis work and for 
their preparation of the culture used. 
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Hydrolysis of Conjugated Steroids by Bacterial Glucuronidase. (17413) 
Henry J. Buehler, Philip A. Katzman, Philip P. Doisy, and Edward A. Doisy 

From the Laboratories of Biological Chemistry and Internal iledicinc, St. Louis University School 

of Medicine, SI. Louis. 


The use of acid for liberating the steroids 
of urine is based on the observation that these 
compounds are excreted in conjugated form as 
evidenced by their insolubility in fat solvents 
and b\' the isolation of steroid glucuronides^*^ 
and sulfates The evidence that such treat- 
ment causes considerable loss””^® has led to 
a consideration of enzymes for the liberation 
of steroids from their conjugates. 

Cohen and Marrian^^ and Patterson^- have 
previously reported the liberation of estrogen 
of pregnancy urine by bacterial action and 
Barker, Brooksbank, and Haslewood^^ have 
found that pregnanediol glucuronide, and in 
some experiments glucuronic acid, which pre- 
sumably was liberated from the conjugate 
were destroyed by some strains of Staphylo- 
coccus albus. Preparations possessing glucur- 
onidase activity which were obtained from 
mammalian tissues hydrolyze the glucuronides 
of estriol,^^’*^ pregnanediol'-^® and other com- 
pounds'^-'*-'® and Cohen and Bates'® have 

1 Colicn, S. L., nnd M.-irri.-)!!, G. F., J. Soc. Chem. 
hul., 1935, 54, 1025. 

- Venning, E, H., and Browne, J. S. L., PrOC. 
Soc. Exp. Biol, and Med., 193G, 34, 792. 

3 Mason, H. L., and Striekler, H. S., J. Biol. 
Chem., 1947, 171, 543. 

* Seliaclitcr, B., and Marrian, G. F., J, Biol. 
Chem., 193S, 120, CCS. 

® Munson, P. E., Gallaglier, T. F., and Kocli, 
F. C., Bndocrinology, 1942, .00, S103G. 

G 1 enning, E. H., Hoffman, M. M., and Browne, 
J. S. L., J. Biol. Chem., 1942, 140, 309. 

~ Talbot, N. B., B.van, J., and Wolfe, J. K., J. 
Biol. Chem., 1943, 148, 593. 

s Astwood, E. B., nnd Jone.s, G, E. S., J. Biol. 
Chem., 1941, 137, 397. 

» Stimmel, B. F., J. Biol. Chem., 1949, 178, 217. 
Hitman, .T., and Cohen. S. L., ./. Biol. Chem., 
1949, 170, 455. 

It Cohen. S. E., and Marrian, G. F., Biochem. .7., 
1934, 28, 1903. 

t- Patterson, .1.. JJrit. Med. J., 1937, 2, 522. 
ttt Barker. M., Brooksbank. B. W. L., and Hasle- 
wood, G. A. D., .Yotiirf, 194S, 102. 701. 


Studied the h3’drolysis of the sulfuric acid 
esters of estrogens b}-- an enzjTne, phenolsul- 
fatase, obtained from a mold, Aspergillus 
oryzae.* 

Recently, we have reported®® the production 
of glucuronidase bj’ E. colt cultured in the 
presence of menthol glucuronide and an ade- 
quate oxj-gen suppl}’. By this means potent 
culture filtrates were obtained which may be 
used m'thout further purification or concentra- 
tion. The present report deals primarily with 
the effect of this bacterial glucuronidase on 
the hj'droh'sis of some of the urinarj' steroids. 

Experimental Procedures. The urines, pre- 
sen-ed m'th thymol, were boiled at neutral 
pH for 10 minutes. Single specimens were 
boiled immediate!}’’ after voiding and 24-hour 
samples at the end of the collection period 
during which time they were kept at S'’C. 
This precaution was taken because of the re- 
ports that glucuronidase®' and phenolsulfa- 
tase®® occur in urine. Free steroids were 
determined in these urines and the amounts of 

n Fislim.-in, W. H., J. Biol. Chem., 1939, 131, 
225. 

ir- Grant, J, K., and Marrian, G. F., Biochem. J., 

1948, 43, V. 

10 M.ason, H. L., and Kepler, E. J., J. Biol. 
Chem., 1945, 101, 235. 

17 Talalay, P., Fishman, W. H., and Hugg’ms, 
C., J. Biol. Chem., 194G, ICO, 757. 

IS Lcvvt, G. a., Kature, 1947, ICO, 54. 

IS Colien, H., and Bates, R. W., Endocrinology, 

1949, 44, 317. Program of the Association for the 
Study of Internal Secretions in Atlantic City on 
.Tune 4, 1949. 

* Studies on liydrolrsis of combined estrogens 
by plicnolsulfataso wliieli were di.scusscd at tlie 
Federation mecting^o in Detroit. April 1949. will 
be presented in detail in a subsequent report. 

-0 Buebler. II. .1.. Katzman. P. A., and Doisy, 
E. A., Fed. Proc., 1949. 8, 1S9. 

21 Odell. L. D., Fisbman, W. II., and Hepner, 
W. R., Science, 194S. 108, 3.'..'.. 

-- lIiiggirKs. C.. and Smitli. I). R.. .7. Biol. Chem., 
1947, 170. 391. 
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ritation usually subsided in about 3 hours. No 
appreciable temperature elevation occurred 
during the time the animals were studied. Ex- 
tensive granulomatous lesions resulted in all 
cases but no attempt was made to correlate the 
extent with serum polysaccharide levels. 
Average results of studies using 4 dogs are 
depicted in Fig. 1. The serum polysaccharide 
reached a maximal elevation on the third or 
fourth day and was higher than normal even 
on the 20th day. Intraperitoneal injection 
of 100 ml of sterile water in a control ex- 
periment caused only a slight change in the 
serum polysaccharide as noted in Fig. 1. 

Experimental Surgical Operation. Several 
e.xperimental laparotomies were carried out 
under aseptic conditions on mongrel dogs, and 
the serum polysaccharide level was studied by 
serial determinations following operation. 
Since no tissue was removed during these 
procedures, the only tissue injury was that 
resulting from the incisions. Data obtained 
from these studies based on the results from 
3 animals are presented graphically in Fig. 1. 
The maximal elevation of serum jxilysac- 
charide occurred on the fourth day. The ele- 
vation was not as great as that caused by 
severe bacterial infection or turpentine ab- 
scess. No significant temperature elevation 
was found. 

Discussion. It is apparent from the data 
presented that an increase in serum polysac- 
charide follows the production of experimental 
inflammation regardless of the causative agent. 
As this response is a delayed one, with maxi- 
mal elevation in 3 to 6 days after injury, the 
polysaccharide level does not appear to be 
directly correlated with tissue destruction. 
Furthermore, the same effect is produced by 


inflammatory processes caused by injection of 
talc suspensions or by intrapleural injection of 
turpentine, conditions in which little tissue de- 
struction is thought to occur. Fever is ap- 
parently not essential for the elevation, inas- 
much as the serum polysaccharide rose in 
cases where no temperature elevation occurred. 
It is therefore possible that the elevation of 
polysaccharide may be correlated with tissue 
proliferation or repair. 

The length of time which elapsed before 
the polysaccharide level became normal again 
seemed to have some connection with the 
extent of repair. The time required for the 
polysaccharide level to become normal in an 
animal with a large abscess resulting from 
bacterial action was much longer than for 
t 3 'pes of inflammation where less regeneration 
of tissue occurred. It seems unlikely that the 
continued high level could be the direct result 
of tissue injury, as signs of infection and 
trauma were absent after the eighth day. 

Summary and conclusions. Studies were 
made of serum polysaccharide levels in dogs 
following the production of sterile turpentine 
abscesses, of bacterial abscesses, and of talc 
granulomas, the injection of turpentine intra- 
pleurally, and experimental surgical opera- 
tions. In all cases the polysaccharide level 
rose and the maximal level depended some- 
what upon the type of inflammation. Eleva- 
tion occurred both in the presence and ab- 
sence of fever. The maximal elevation ap- 
peared within 3 to 6 daj's after the initial 
injury. The suggestion is made that this 
phenomenon is correlated in some way with 
tissue proliferation or repair. 

Received July 25, 1949. P.S.E.B.il., 1949, 72. 
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TABLE II. 

Comparison of Hydroelilorie Acid and Glucuronidase Hydroh-.^is of tlie Kotosleroids of 

Human Erino. 




Aletbod of hydrolysis 


Urine Xo, 

HCl 

Glucuronidase 

Xo hydrolysis 

1 

Xormal men- 

—mg* per 24 hr 

4.2.1 

.4SSi 

O 



8.3 

1.170t 

3 



7.2 

.0121 

4 



4.00 

.4501 




4.75 

.5401 

0 

14.4 

0.7 

.001 


11.0 

5.1 

.4161 

St 

20.2 

14.0 

.4481 

n 

Pregnant women — mg* per 1 

0,92 1.2 

.07 

o 

5.5 

.5.0 

.18 

3 

0.8 

5.0 

.26 

4 

lO.S 

7.4 

.42 

5 

0.3 

5.6 

.21 

0 

4.8 

3.0 

.10 


• Expressed as dehydroVsoandrosterone. 
f ^licro-Girard separation not made, 
t Pseudoliermapliroditc. 

5 Pregnancy urines 1-0 are tlie same as those recorded in Tahle I. 


ketokeroid conjugated with sulfuric add ac- 
counts for at least a part of this difference 
but here again, it is surprising to find so large 
a proportion of the ketosteroid fraction in 
combination ivith glucuronic acid. 

The quantities of free estrogens and keto- 
steroids recorded in Tables I and II are of 
interest since they were obtained from fresh 
urine in which enzymes, if present, had been 
destroyed by boiling. However, even these 
low values may be due to enzymic hydrolysis 
within the bladder. 

As would be expected, bacterial glucuroni- 
dase hydrolyzed sodium pregnanediol glucur- 
onidate resulting in a 90% recovery of preg- 
nanediol as determined by the method de- 
scribed by Talbot, ct alP 

Dr. Ralph A. Kinsella, Jr. of this depart- 
ment, in preliminary studies has found that 

Talhot, X. B., Berman. It. A.. MaeLachlan, 
E. A., .'iml Wolfe, .T. K., .1. Clin. Endocrinolopn, 
1941, l.OfiS. 


glucuronidase markedly increases the amount 
of cortical steroids of the urine of normal 
adult men as determined b}' a somewhat 
modified method of Heard, et al.’° 

Summary. Bacterial glucuronidase which 
hydrolyzes the glucuronides of estriol, preg- 
nanediol, menthol and phenolphthalein liber- 
ates a large proportion of estrogen, ketosteroid 
and corticosteroid of human urine. 

Wc arc deeply indebted to Professor G. F. 
Marri.on for estriol glucuronide ; to Dr. A. St.anlcy 
Cook of Ayerst, McKenna and Harrison for 
estrone sulfate; to Dr. H. L. Mason for deliydro- 
isoandrostcrone sulfate; to Dr. Willard Allen for 
pregnanediol glucuronide, and to Miss Corinne 
Dewes. Robert A. Doisy, and .loscph Yglcsias for 
invaluable laboratory assistance. 

"0 Heard, B. D. H., .Sobol, H., and Venning, 
E. II., .7. Biol. Chem.. 1940, 105, 099. 

Received August 1. 1949. P.S.E.B.M.. 1949, 72. 
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TABLE I. 

Comparison of the Influence of Different Hydrolytic Agents on Total Estrogen Liberated from 


Urine 



Metliod of hydrolysis 



Total estrogen (Kober) as nig 
estrone per 1 

Urine 

> 

Total estrogen as 
mouse units of 
estriol per 1 

* HCl 

xiooo 

\ 

Glucuron- 

idase 

XIOOO 

HCl 

Glucuronidase 

\ 

None 

1 

5.38 

4.88 

.03 

At 

109 

147 

2 

10.27 

15.00 

.21 

Bt 

155 

207 ■ 

3 

10.5 

12.3 

.24 

Ct 

120 

213 

4 

13.87 

17.25 

.285 

Dt 

320 

400 

5 

6.75 

9.75 

.15 

Et 

170 

206 

6 

12.0 

13.3 

.00 





t Ether extracts of urines A-E rvere not fractionated into the phenolic and neutral fractions 
before assay. In the bioassay (Marrian), 20 animals per dose were used and estriol was used 
for the standard.2 


estrogen and 17-ketosteroid liberated from 
their conjugates -nith glucuronidase compared 
with the amounts liberated by acid hydrolysis. 

Acid hydrolysis was performed by refluxing 
the urine for 10 minutes with IS vol. % 
concentrated HCl. For enzymic hydrolysis, 
the urines with added glucuronidase were in- 
cubated for 24 hours at 38°C at pH 6.5. All 
hydrolyzed and unhydrolyzed samples were 
adjusted to pH 3 and immediately extracted 
with ether. Phenolic and neutral fractions 
were separated according to Friedgood, et 
al.p ketosteroids determined by the method 
of Holtorf and Koch"^ after removing the 
non-ketonic fraction-^ and total estrogens by 
Salter’s-® modification of the Kober method. 

The extracts obtained from the glucuroni- 
dase hydrolyzed urine gave very much less 
background color with the Kober reagent 
(absorption at 420 m/x) and a more typical 
color with Zimmermann’s reagent than that 
obtained after acid hydrolysis. Furthermore, 
a larger proportion of the color wth m-dini- 
trobenzene is due to ketonic compounds re- 
acting with Girard reagent T. 

Under our experimental conditions, glu- 

"ITiried^od, H. B., Garst, J. B., and Haagen- 
Smit, A. J., J. Sioh Chcm., 1948, IJ-*. 523 

21 Holtorf, A. E., and Koch, E. C., J. Biol. 

Chem., 1940, 135, 3/7. ^rr tt t- j • j 

25 Pincus, G., and Pearlman, W. H., Bndocnnol- 

ogy, 1941, 23, 413. 


curonidase qauntitatively splits glucuronic 
acid from menthol glucuronide as measured 
by Fishman’s modification^' of Miller and 
Van Slyke’s method,^® and hydrolyzes 95% 
of estriol glucuronide. Furthermore, glucur- 
onidase preparations tested with estrone sul- 
fate and dehydroisoandrosterone sulfate con- 
tained neither phenolic nor alcoholic sulfa- 
tase. 

Results. The data in Table I show that 
e.xcept for urines 1 and 2, higher values for 
total estrogen were obtained after hydrol 3 'sis 
with glucuronidase than with hydrochloric 
acid. In addition, the estimation is more ac- 
curate because of the lower background color 
after treatment with Kober’s reagent. Al- 
though the lower values after acid hydrolysis 
may be due to incomplete hydrolysis as well 
as destruction, it is surprising that so large 
an amount of estrogen is conjugated with 
glucuronic acid. 

With the urine of pregnant women as well 
as that of normal men and one case of pseu- 
dohermaphroditism, glucuronidase did not lib- 
erate as much ketosteroid as that liberated by 
hj'drochloric acid (Table II). Undoubtedlj’ 

2« Salter, W. T., Humm, E. D., and Ocsterling, 
JI. J., J. Clin. Endocrinology, 1948, 8, 29a. 

avPisliman, K. H., J. Biol. Chcm., 1930, 127, 
307. 

asJIilJer, B. F., and Van SIvke, D. D., J. Biol. 
Chem., 1930, 114, 583. 
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TABLE I. 


/ — 

Group 

Procedures 

Eo. of Kind 
rats of inj. 

Autopsy 
body wt, 
g 

Ovaries 



Uteri 


■Wtinmg 

S.R. 

Odds 

IVt in mg 

S.E. 

Odds 





Immature females 





1 

20 

G. 

63 

139 

2.0 

2-X 

136 

2.0 

20-1 


20 

G.&P. 

57 

156 



151 



o 

10 

S. 

SI 


1.2 

7-1 

GS 

o 

10-1 


10 

P. 

81 

19 



55 






Immature females: ov.arieetomized 




3 

21 

.St. 

103 

— 



250 

3.5 

120-1 


21 

St.&P. 

102 

— 



272 







lilature females 





4 

10 

s. 

147 

51 

1.0 

4-1 

1S6 

3.0 

60-1 


10 

p. 

140 

53 



202 



5 

19 

s. 

200 

70 

2.7 

100-1 

410 

1,5 

4-1 


19 

p. 

19S 

81 



449 




The Tret wt of the ovaries and uteri are shonu. G =z Goiiadogen, P = Prostigmin, S = 
Saline controls, and St = Stilbcstrol. 


S.R.— Significant ratio which is based on S.D. (stand, dev.) 
S.D. 


/2da f 

/ 

V n 


error) =: and standard error of the difference = V (S Ej)- + (S E2)2. 

V n 


•S.E. — (standard 


for the uteri. 

Some investigators”'*- believe that in cases 
of paired data the method of Student** should 
be used. This method uses the standard 
delation and by tables’*'*^ the odds that such 
results will occur again can be determined. 
\Ve have analyzed the data bj' this method 
as shown in Table I. It will be seen that 
the odds for Group 1 are 2-1 for the ovaries 
and 20-1 for the uteri. In contrast to this, 
Group 2 shows Uiat prostigmin alone did not 
enlarge the uterus of the immature rat, in 
fact the mean weights of ovaries and uteri 
were somewhat smaller after prostigmin as 
compared with saline (0.9^c) controls (Group 
2 Table I). In other words the uterus must 
be in a congested state before the effects of 
prostigmin can be detected. 

Groun 3 consisted of ovarieclomized virgin 
female rats in which the controls received 0.25 
mg stilbesterol daily while the test animals 

” Stiiilrat, liinmrtnlcn, IROS, O. K 

'-LdVr. 11. II., .7, ,c,i,. Jpronnmv, 1024 JO 

70 . - • . 


received 0.25 mg of stilbesterol plus 0.05 mg 
prostigmin daily. Treatment was begun 4 
or 5 da\'s after operation and was continued 
for 7 days. The animals were then similarly 
sacrificed and the uteri weighed and disiccated. 
This group was designed to test prostigmin 
on the h\-peremic uterus in the absence of 
ovaries. It will be noted that the increase 
in weight of these uteri was at least as much 
as that found in Group 1 where the ovaries 
were present. The figures of 250 and 272 
for the Weights on the uteri give a difference 
of S.$%. The “significant ratio’’ of 3.5 
shows that this weight difference is significant 
and when anah-zed by Student’s method the 
odds are 120 to 1, which are the largest in 
Table I. 

These experiments with immature females 
lead us to consideration of prostigmin studies 
in sexually mature female rats. These data 
are shown in Groups 4 and 5 (Table I). The 
only difference between these two groups is 
the duration of injection which was 7 and 30 
daj's in Groups 4 and 5 respectively. Both 
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Prostigmin on the Ovaries and Uteri of Albino Rats.* (17414) 

Betty Beayeock and Frederick E. Emery 

From the Deparlmenl of Physiology and Pharmacology, University of Arkansas School of Medicine, 

Little Rock, Ark. 


Prostigmin is a parasympathomimetic drug 
that exerts some of its effects through its 
ability to inhibit cholinesterase and enhance 
the action of acetylcholine. Soskin, Wachtel, 
and Hechter^ showed that prostigmin will 
start the menstrual flow in the non-pregnant, 
but would have no effect in the pregnant 
• human. On this basis they proposed its use 
as a pregnancy test. This idea had its be- 
ginning in 1939 when Reynolds- reported that 
estrogens caused a transient increase in the 
amount of acetycholine in the uterus of rats, 
and that the uterus thereby becomes hyper- 
emic. Since that time several authors^® 
have reported using prostigmin as a valuable 
test for pregnancy and treatment of 'nervous’ 
amenorrhea in the absence of organic dys- 
function. In a subsequent paper Taubenhaus 
and Soskin^® attempted to explain this effect 
of prostigmin from a study of the hypothala- 
mic region and the release of luteinizing hor- 
mone. They offered evidence that prostigmin 
applied directly to the pituitary rvdll cause a 
release of LH and a transient corpus luteum 
formation. 

Since this drug is now commonly used it 
seemed desirable to know more about its 


* Rese,^rcll paper, Journal .Series No. 891, ITni- 
versity of Arknnsas. 

1 Soskin, S., W.-iehtel, H., and Hecliter, O., 


J.A.M.A., 1940, 114, 2091. 

2 Reynolds, S. R. M., J. Physiol, 1939, 95, 258. 

3 Grossmann, L. L., TT. J. Snry. Obst. and Gyn., 

1942, 50, 103; ibid., 1944, 53, 443. 

4 Carapetvan, H., J.A.M.A., 1943, 123, 81. 
5Sneider,'K. J., Rl Med. J., 1943, S.% 107. 

0 Douglas, S. S., TT. J. Siirg. Obst. and Gyn., 

1943, 31, 245. 

7 Rriedinann, E., Jlrit. Med. J.. 1944, 1, 11. 

8 Woodbury, R. A., Abreu, B. E., Torpin, R., .and 
Tried, P. H.," J.A.3LA., 1945, 128, 585. 

0 ParrclEa, B-, i'l’- 


”^io?.aubenbntis, M., and Soskin, S.. Endocrinol- 
ogy, 1941, 20, 958. 


action on the reproductive system of the 
female. The present report deals with such 
a study in albino rats. 

Procedure and results. Female rats of the 
Wistar strain were used. Prostigmin was in- 
jected twice daily. The daily dose for all 
small rats was .04 mg and for mature females 
0.1 mg given in physiological salt solution in 
dilution of 0.1 mg of prostigmin per cc. 
Five groups of young female rats are shown 
in Table I. Group 1 consisted of a 
group of immature virgin females which 
weighed approximately 45 g at the start. The 
control animals received l.S units of gona- 
dogent daily, and the test animals also re- 
ceived the same amount of gonadogen plus 
0.04 mg of prostigmin! daily. Gonadogen was 
given in order that the immature uterus would 
be in a hyperemic state at the time prostig-' 
min was given and would, therefore, be more 
like the premenstrual endometrium of the 
human than would the uterus of the untreated 
immature rat. Aftei 5 days of treatment, the 
animals were sacrificed, the uteri and ovaries 
were weighed and desiccated for a period of 
8 days, 4 days at 80°C followed b}'- 4 days 
in a desiccator containing calcium chloride. 
The weights of these fresh organs are shown 
in Table I. Both ovaries and uteri are 
heavier in the prostigmin injected rats. Sta- 
tistical anal 3 'ses, using the mean difference 
divided by the standard error of the difference, 
are shown under "significant ratio" (S.R.) 
Any figure in this column (Table I) should 
be at least 3 in order to saj’' that a significant 
change in weight has occurred between two 
means. In the present study ovaries and 
uteri of the prostigmin injected rats arc com- 
pared with controls. In Group I the “signifi- 
cant ratio” was 2 for the ovaries and the same 

V Gon.adogen iTas kindly supplied by tbc tipjolia 
CompaDy. 

i We arc indebted to Hoffnmii-L.a Poclic for the 
Prostigmin. 
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Trial of Veriloid in Hypertension 


groups received 0.1 mg of prostigmin daily. 

Although the ovarian weights were un- 
changed in the seven day group and only 
slightly larger in those injected thirty days 
there was an increase in the percentage weight 
of the uteri in both Groups (4 and 5, Table I) 
which showed an analysis to have a “signifi- 
cant ratio” of 3 and l.S in Groups 4 and 5 
respectively (Table I). Since uterine weights 
are more variable than those of the ovaries 
these “significant ratios” for the uteri are 
all the more interesting. 

Pathology-histological examination^ showed 
no consistent change in the ovaries. The uteri 
of the castrated prostigmin rats (Group 3) 
show the most changes; there were more round 
cells, edema and inflammatory cells, both 
polynuclear leucocytes and lymphocytes, than 
in the controls. The changes were almost com- 
pletely confined to the submucosa. In the cas- 
trated controls both polynuclear leucocytes and 
lymphocytes are present but not numerous. 
Some edema and inflammatory cells were 
found in the submucosa cell groups including 
the controls. No changes in epithelial or muscu- 
lature structure were obsen^ed in the prostig- 
min injected rats. The difference between the 
prostigmin and control animals is minor and 
pathologically there is no marked alteration. 

Discussion. The ovaries of prostigmin in- 
jected rats were apparently in good condition 
as seen histologically and by the estrous 

^ Histological and pathological studies were 
kindly made by Doctor A. Nettleship of the Path- 
ology Department. 


cycles. Twenty additional rats injected twice 
daily with O.S mg of prostigmin at each injec- 
tion showed no significant change in estrous 
cycles as compared to saline injected controls. 
We were impressed by the fact that when the 
background was a mature uterus, induced by 
age as in Groups 4 and S, or in hyperemic 
state brought about by estrogens Groups 1 
and 3, prostigmin further increased the weight. 
This is also evident after corrections are made 
for differences in body weight and after desic- 
cation. Thus in Group 3 the ute’ri in the 
prostigmin injected rats were 8.8, 9.9 and 9.2 
percent heavier in the uncorrected, corrected 
for body weights and desiccated tissues re- 
spectively. This clearly shows that the in- 
crease in weight of the uterus after prostigmin 
was not due to edema. 

Summary. Prostigmin was given to young 
rats in daily amounts of 0.04 to 0.1 mg. 
The ovaries were slightly increased in weight. 
The uteri if mature as the result of age or 
estrogens showed increase in weight following 
injections of prostigmin and these changes 
were present after desiccation. Estrous cj'- 
cles showed no significant change from normal. 
Cellular elements of inflammatory cells were 
more abundant in the submucosa after prostig- 
min. On the whole, pathological changes 
were not marked; therefore, from the patho- 
logical vieivpoint effects of prostigmin are 
minor as far as changes in the ovaries and 
uterus are concerned. 

Received August 1, 1940. P.S.E.B.M., 1949, 72. 


Essential Hypertension. Therapeutic Trial of Veriloid, a New Extract of 

Veratrum viride.* (1/415) 

Robert W. Wilkins, Joseph R. Stanton, and Edward D. FreisI 

From the Evans Memorial. Massachusetts Memorial Hospitals, and the Department of Medicine. 
Boston University School of Medicine, Boston, Mass. 


Veriloid (Coe Chemical Company), a puri- 
fied alkaloidal fract ion of Veratrum viride,^ 


from the 

Confpany, and the Squibb lustrtute 
yiedical Rcsearcli. 


t Present address: Georpetown University Medi- 
cal Center, Wnsliington, D.C. 

1 Stutzman, J. tV., Maison. G. L., and Kiisscrow, 
G. tv., Pkoc. Soc. Exp. Biol, and JIrn., 71, 

725 . 
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TABLE I. 


Acute Tosicitj' of Di-(p-clilorophenyl)methrlcarbinol for B.its and Mice Follou-ing Oral 
Administration by Stomacli Tube. 




Eats 


Mice 



✓ 

Oil solution 

Aq. suspension 

Oil solution 

Aqueous 

suspension 

Dose, 

mgAg 

Mortality ratio 

^ \ 
Paralysis Mortality 
ratio ratio 

Paralysis 

ratio 

Mortality 

ratio 

100 

173 

250 

375 

500 

750 

1000 

0/5 

2/5 

2/5 

2/5 

2/2 


O/o 

1/5 

O/o 

3/3 

4/9 

0/5 0/5 

0/3 0/5 

0/5 0/5 

1/5 0/5 

1/5 0/5 

4/5 1/5 

4/5 1/5 

0/5 

0/5 

2/5 

1/5 

2/5 

4/5 

5/5 

0/5 

0/5 

0/5 

0/5 

0/5 

1/5 

3/5 

Effect of a Diet Containing DMC 

TABLE 11. 

on Weight and Ultimate Survival of Young .Albino Bats. 

7c DMC 
in diet 



Avg wt 

in g (10 rats per group) 
Time in daj's 



' 0 5 

10 

19 

26 35 42 

63 

70 

.0 

63.0 80.0 

84.6 

112 

140 171 194 

248 

SE = 8.3 

262 

SE =r 8.4 

.1 

63.0 73.7 

85.8 

113 

140 176 194 

226 

SE = 6.5 

245 

SE =: 7.S 

.25 

C3.S 70.2 

77.4 

102(7)" 

127(7) 172(4)1 177(4) 

206(4) 

220(4) 

1.0 

63.7 All dead after 72 hr 





* 3 animals dead between lOtb and 19tb days, 
■f 3 animals sacrificed 2Sth day. 


a moderate degree of hyperemia of the peri- 
toneum and the abdominal viscera. 

Mice sur\'ived the oral administration of 
500 mg of DMC per kg, both as an oil 
solution and as an aqueous suspension, while 
dosages of 750 or more mg per kg resulted in 
the death of one or more of the 5 animals 
in the dosage group. During a period of 12 
to 72 hours prior to death, mild to severe 
motor impairment of the posterior extremities 
was seen. The front limbs also were involved 
in a few cases. The motor signs rareh' de- 
veloped in less than 12 hours after administra- 
tion of DiNIC. Recovery, rather than death, 
followed in some cases, a situation in sharp 
contrast to that seen in rats. 

Subacute Toxicity. Four groups of 10 young 
female albino rats were fed, ad libitum, a 
powdered diett containing 1.0. 0.25, 0.1. and 
0.0;.c of DMC, respectively. The individu- 

1 Gcmnil Mills “Checker.-!.” 


allj'-housed animals were inspected daih’, and 
were weighed periodically, but no attempt 
was made to measure food consumption. The 
progress of these animals is recorded in 
Table II. 

The animals receiving the highest level of 
DMC ( 1 .0% ) became anorexic after 24 hours, 
^lild depression characterized their subse- 
quent behavior and death occurred within 72 
hours. The disturbances of locomotion and 
equilibrium seen after large single doses of 
DMC were not obser\’ed here. .Autopsies per- 
formed immediateK' after death revealed hy- 
peremia of the abdominal viscera as the sole 
gross finding. 

The rats given the intermediate level of 
DAIC (0.25%) consumed noticeably less food 
than the controls during the first 5 days. The 
intake of 7 of these animals increased and 
grossly equalled that oi the controls during 
the nest 5 days. The remaining 3 instead 
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follows: 260/150 to 190/110, 180/110 to 
140/90, 200/115 to 180/110, 190/115 to 
170/100, and 200/115 to 170/100 mm Hg. 

Thus, on chronic as well as acute administra- 
tion Veriloid was an active hypotensive agent, 
clinically similar to other Veratrum prepara- 
tions previously tested.®'® Relative to its 
h 3 T)otensive effects, however, it appeared to 
produce somewhat less nausea and vomiting, 
the chief sj^ptoms found in previous experi- 
ence to interfere with the long-term usage of 
Veratrim viride. As with other preparations, 
meticulous adjustment of dosage to patient 
was the most important single point in the 

3 Freis, E. D., and Stanton, J. E., Am. Scart J., 
1948, 36, 723. 

i Freis, E. D., Stanton, J. E., Culbertson, J. W., 
Litter, J., Halperin, M. H., Burnett, C. H., and 
Wilkins, E. AV,, J. CJin. Invest., 1949, 28, 353. 

5 Wilkins, E. AY., Freis, E. D., and Stanton, 
J. B., 1949, 140, 201. 


chronic use of Veriloid. Patients objected so 
strongly to the sjTnptoms associated Avith 
overdosage that it was the practice in the 
present study to be satisfied nnth moderate 
lowerings of arterial pressure, rather than to 
■attempt dramatic effects at the expense of 
even'occasional unpleasant side reactions. 

Summary. In hypertensive patients Veri- 
loid is an active h}^otensive agent when ad- 
ministered acutely, or chronically for periods 
as long as 5 months. Meticulous regulation 
of dosage is important in obtaining optimum 
results. After several weeks of continuous 
therapy it is frequently necessary to reduce 
the dosage in order to avoid nausea and 
vomiting. Nevertheless, relative to its hjqDO- 
tensive effects Veriloid seems to produce 
fewer toxic reactions than any other oral 
preparation of Veratrum viride presently 
available. 

Vecciyea August 3, 1949. P.S.E.B..U, 1949, 72. 


Oral Toxicity of a New Miticide, Di-(p-chlorophenyl)methylcarbinol.'* 

( 17416 ) 


Lawrence Peters 

From the Department of Pharmacology, School of Medicine, Western Reserve University, 

Cleveland, 0. 


Di- (p-chlorophenjd) methylcarbinol ( DMC) 
synthesized by Bergmann and Bondi, ^ and 
later by Grummitt et al.,^ has been shown to 
possess marked miticidal properties.® A pre- 
liminar}^ study of its acute and subacute 
toxicity for rats and mice, following oral ad- 
ministration, is the subject of this report. 

Acute Toxicity. Young albino rats (80-100 
g) and adult albino mice (18-22 g), of the 
female sex, were given single doses of DMC 
by stomach tube. Solutions in com oil and 

* Tbis study was supported by a grant-in-aid 
from the Sherwin-Williams Co., Cleveland, Ohio. 

1 Bergmann, E., and Bondi, A., Denehtc, 1931, 


64B, 1-155. 

2 Grummitt, O* Buck, ^ 
J Am. Chem. Soc., 1945. 67, 22Gu. 
'switman, E. D., and Waters, 


and 

H. 


lished observations. 


Becker, E., 
A., unpiib- 


suspensions in aqueous mucilage of tragacanth 
{2</o) were used. Mice were observ'ed for 
10 daj's, and rats for 21 da 3 'S, following intu- 
bation. The results of these e.\-periments are 
shown in Table I. 

With the oil solution of D!MC tlie largest 
single dose tolerated bjr all 5 rats in a dosage 
group was 250 mg/kg. AAfith the aqueous 
suspension one animal died follotving a dose 
of 375 mg/kg, although no fatalities resulted 
from dosage with 500 mgAg- Fatalities from 
larger doses usually occurred 48 to 96 hours 
after administration. Urinary incontinence, 
tremors, ataxia, and impairment of righting 
reflexes were present for approximately 24 
hours before death. Such abnormalities were 
not seen in animals which sur\'ived. .Autopi- 
sies performed immediately' after deatli re- 
vealed no gross pathological changes beyond 
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have noted that the administration of female 
sex hormones cause a hcperactivity of the 
thyroid.”-^' Investigations at present show 
that estrogenic substances exert an inhibitory 
influence on the structure and size of the 
testes and their accessories/'^^-'' Some work- 
ers have obtained opposite resultsd®’^*’ 

The present investigation was undertaken 
because of the conflicting results that have 
been obtained. 

Materials and methods. Three groups of 
male albino rats were used. Eight male rats 
of Group 1 (40 da3's of age) were castrated 
2 weeks after the descent of the testes into 
the scrotum. Treatment began the day fol- 
lowing castration and consisted of daily in- 
unction of 270 rat units^ of alpha-estradiol? 

r Costaiitini, 1'., Hass. Hi CHii. Ter. e Sc. Aff., 
1920, 10. 71S. 

>' .Slienvood, T. C., KndacrinoUjui!. 1940, 2G, C93. 
!> Slienvood, T. C., Enilocrimloriy, 1941, 29, 215. 
1" Koreiiclievskr, V., .-md Dennison, It., J. Path, 
and Pact., 1935, 12, 323. 

11 Kunde, JI. if., ct at., Pp.oc. .?0C. ESP. BlOL. 
AND Mrn., 1930, 28, 122. 

1- Benazzi, M., Holt. Sac. Hot. Biot, sper., 1933, 
8, 790. 

13 Leiby, G. M., Piioc. Soc. E.vp. Biol, .vxd IIed.. 
1933, 31, 15. 

11 1’ineus. G.. and IVcrtlicsseii, X., Jm. "J. 
Physiol., 1933, 103, 031. / 

1-" .Amilibis, E., ct at., Klin. TTochen., 1930, 15, 
1001 . 

i« Xatlianson, I. R„ ct at., Pnoc. Soc. Exp. Biol. 
AXI> Mkd., 1940, 43, 737. 

ir Alexin, M., .4rcli. /. Gyn., 1940, 159, 43'2. 
Golding, G. L,, and Ramirez, f. T.. Endoc- 
rinnUiyy, 1939, 12, S04. 

Biirnnvs, H., ,T. Path, and Bad., 1930, 42, 

IGI. 

3a Creep, li. C., ct ah, Anat. T.cc., 1930, 05, 201. 
31 Gardner, W. U.. .Inof. Bcc., 1937, 08, 339. 
--Ringoen, A. R., .liuil. T.cc., 193S, 72, IIS. 

23 Pfeiffer, C. A., and Gardner, W. V., Anal. 
Bcc., 193S, 72, 59. 

■■3 van VTagenen, G., Anat. Bcc., 1935, 73, 3S7. 

3*' Morrell, .1. A., .and Hart, G. \V., Endoertnot- 
opy, 1941, in, 995. 

30 Allan.'-on. M. .1., Exp. Bin}., lo.-jl, 8, 3S9. 
i Tlie author vvishe.s to lliank Dr. W. H. Stoner 
of tbe .Schering Corporation at Bloomfield, X. .T., 
for supplying tbe alpba-cstradiol (Progynon D-H) 
used in this experiment. 


in ointment form to the skin surface of the 
interscapular region. Group 2 consisted of 
eight, 15 day old normal non-castrated im- 
mature male rats. Treatment was carried out 
as in Group 1 but was started before the 
descent of the testes into the scrotum. Six 
rats in Group 3 served as control animals and 
received no treatment. On the day following 
the 24th application of alpha-estradiol on the 
e.xperimental rats all the animals -svere killed 
with chloroform. The thyroids and testes 
were fixed in Bouin’s fluid and the sections 
were stained with Ehrlich’s acid hemato.xylin 
and eosin. Klein's method-" was emploj'ed for 
studidng the size of the thyroid follicles and 
seminiferous tubules. The height of the fol- 
licular epithelium was determined b}' the 
method of Rawson and Starr.-® An estimated 
percentage of destruction of the follicular 
walls was made by comparison with the find- 
ings of Morrell and Hart^ who determined in 
percentage, the area of a section showing de- 
struction. One hundred follicles from a sec- 
tion of the thyroid of each animal were 
studied for the number of follicles containing 
wall vacuoles in the colloid as described by 
Mdllendorfi'.-^* The average number of pri- 
mary and secondarj' spermatocytes was taken 
from 20 Upical tubules in a section from each 
animal. The testes were compared as to 
gross size and as to the interstitial elements of 
Groups 2 and 3. 

Observations. Thyroid follicular size and 
epithelial height were used to determine an 
increase or a decrease in thyroid activity. The 
results are shown in Table I. The long diame- 
ter of the thyroid follicles of Groups 1 and 2 
averaged respectively I13.S and 96.1 p, while 
in the normal rats (Group 3) it was noticeably 
less with an average of 66.9 micra. The 
height of the follicular cells in Groups 1 and 
2 averaged respectively 15.3 and 15.6 p, 
while group 3 averaged 34.5 p. Due to the 

t Eaeii applic.ition coii'-isted of 0.15 g of oint- 
ment vvliicli eontained O.0d2o mg of eryst.alline 
estradiol having a rat unit value of 270, 

-S Klein. .1.. Ann. Ini. Med.. 193.'. 8, 79S. 

3S R;uv.=oii, R. W., and Starr, P., .Ircli, Int. Med., 
193S, 01, 72G. 

31* Mollcndorff, W,. ITandbiich Mi7:rn.d.op. .tnat. 
dcs Mcnsch, 1939, C, 61, 
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became mildly depressed and completely an- 
orexic. They died between the tenth and 
nineteentli experimental days. The survivors 
remained normal in appearance and behavior. 
Three were sacrificed on the twenty-eighth 
day and the remaining 4 at the end” of the 
experiment. Mild hyperemia of the periton- 
eum and abdominal viscera was the only 
gross finding at autopsy in all 10 animals. 
There was no gross difference in average body 
weight between the few survivors and the 
controls. 

The third group of rats -whose diet con- 
tained 0.1% DMC showed a slight, though 
not significant, weight lag on comparison with 
the control group at 5 days. Between this 
time and the ninth week the average weights 
of the two groups were almost equal. Statis- 
tical analysis of the difference of 22 g between 
the average weights at 9 weeks yielded a 
critical ratio* of 2.2 which borders on signifi- 
cance. One week later the -weight difference 
was 17 g and the ratio was only 1.5. Since 
the e.\periment was terminated at this time it 
is impossible to say whether these differences 
heralded the beginning of a significant lag in 
iveight gain, and other signs of toxicity, in 
the treated group. The appearance and be- 

aii— 

t vSE-’„ + SE-A,., 


havior of the two groups of rats did not 
differ in any way. .Autopsies performed when 
the animals were sacrificed revealed no gross 
evidence of pathological changes in any organs 
or tissues. 

Comment. These studies reveal that the 
toxicity of DilC is of the same order as 
that demonstrated by Woodard ct al.^ for 
DDT under grossly similar conditions. How- 
ever, a more extensive comparison of Uie two 
compounds in the same laboratory' would be 
necessary' to determine accurately the relative 
toxicity of the two compounds. 

Summary. 1. Rats and n-fice were intubated 
w'ith single doses of a new miticidal compound, 
di-(p-chlcroDhenyl)methylcarbinol " (DMC). 
The effect of graded doses on ultimate survival 
is discussed and the ability' of large doses to 
produce signs suggestive of nervous impair- 
ment is described. 

2. .A powdered diet containing 0.1% DMC 
was well tolerated by growing rats during a 
ten week period. 

3. The results compare favorably with those 
obtained in a similar limited study' of DDT 
in another laboratory. 

4 -Wood.arcl, G., XeLson, A. A., and C.aivcry, II. 
O., J. Pharm. Exp. Thcrap., 1944, 82, 132. 

Received August 5, 1949. P.S.E.B.M., 1949, 72. 


Effects of Inunction of Alpha-Estradiol on Testes and Thyroids of Albino 

Rats.* (17417) 

Joseph H. Gardner (Introduced by Kermit Christensen) 

From the Department of Anatomy, St. Louis University School of Medicine, St. Louis, Mo. 


.A diverse opinion exists in regard to the 
effect that the administration of se.x hormones 
has on thyroid activity. Many investigators 
have noted that the thyroid remains normal 
or shows a slight degree of hypo-activity after 
castration or the administration of female 
ciirri^ out :it the Depjirtmenf 
of Anatomv. and Physiology, .at the Univcr.sity of 
Kentuchy, Lexington, under the direction of Pro- 
lessor E. S. Allen. 


sex hormones.’”*® In contrast many workers 


1 Clioukc, S., Emloerinoln.o!/, 1930, l-i, jg. 

- Aron. M., .and Renoit. .1., Cnmpt. rviitl. ile ,‘ioc. 
nioL. l.n.ta, 100, 92.-!. 

■a.St.arr, P.. and llniner, R. C., Prop. Sop. E.xr. 
Bloi.. AN-D MF-U., 19.13, .'JR. 40.1. 

^ Shiiniacker, 11. B., and Lamnnt. A., Prop. .Sop. 
Exi-. Bioiu AND -Med., 19.1.3, .'12, 3GS. 
r. Uotila, U. t'.. En'ioerinntniip. 1940, 20, la.l. 
o Zaleshv. M.. Amit. Jtec., 19.1.3, 02, 109. 
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TABLE ir. 

Histological Clianges Occurring in the Testes of Group II as Comparecl to Group III, IThicli Was 

Considered Kormal. 
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its gonadotropic secretion. The testes of 
Group 2 did not remain in the abdomen long 
enough for all of the germ cells to disappear 
from the tubules. Spermatogenesis was re- 
duced to the point that spermatid formation 
was completely absent. Probably these 
changes in the tubules ^Yere due to the alpha- 
estradiol indirectly, by preventing testicular 
descent, and permitting cellular changes due 
to retention in the body cavity. There was 
no noticeable change in the interstitial ele- 
ments. The gross size of the testes were half 
that of the control animals. 

Summary. Daily inunction for 24 days 


of 270 rat units of alpha-estradiol (Progynon 
D-H) to normal and castrated immature male 
rats produced noticeable changes in the thy- 
roid glands and in the testes of the non- 
castrated males. The thjToid glands ap- 
peared, histologically, jn a hr^ioactive state. 
They exhibited an increased colloid content 
and a low follicular epithelium and destruc- 
tion to the follicles. The h^yioactirnty ap- 
peared greater in castrated rats than in the 
non-castrated. Descent of the testes in im- 
mature males was prevented bj' the alpha- 
estradiol. 

Receired August S, 1943. P.S.E.B.il., 1949, 72. 


308 


Inunction of Alpha-Estradiol on Rats 


TABLE I. 

. Histological Changes Occurring in the Thyroid of Groups I and II as Compared to Group III, 

Which Was Considered Normal. 


Group 

Long diameter 
of follicles, 

8 

Height of 
follicular 
epithelium, 

8 

Vacuolated 
colloid per 

100 follicles 
(wall vacuoles) 

Estimated 

% 

of follicu- 
lar damage 

I 

1 

90.7 

16.9 

16 

25 

Castrated and 

2 

108.7 

17.2 

31 

25 

treated 

3 

113.9 

16.7 

28 

40 


4 
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13.6 
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40 
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15.4 
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25 
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13.7 

39 

10 
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28.7 

26.8 

II 

1 

99.5 

17.8 
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0 
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2 

94.1 

17.8 

20 

0 

treated 
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13.2 

23 

10 
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15.1 

15 

10 
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95.4 

13.7 

31 
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23 
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13.0 

16 

10 
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15.6 

21.6 
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1 

63.0 

23.2 

7 

0 

Normal control 

2 

64.5 

25.3 

6 

0 

3 

70.5 

39.7 

4 

0 


4 

67.1 

27.7 

o 

0 


5 

74.7 

52.0 

8 

0 


6 

62.0 

39.1 

3 

0 


Avg 

66.9 

34.0 

5 

0 


increased follicular size and the lower epi- 
thelium of Groups 1 and 2 as compared with 
the normal animals it is apparent that hypo- 
activity of the thyroid gland was produced by 
the inunction of alpha-estradiol. The mark- 
ed difference betR'een Groups 1 and 2 indi- 
cates a greater hypothyroid condition in 
Group 1. This might be e-xplained by the 
presence of the testes in Group 2, causing a 
higher androgen concentration. 

Because of the greater increase of wall 
vacuoles in the colloid of the thyroids in 
Groups 1 and 2 in contrast to the lesser 
dumber in Group 3, mention is made of them 
'although no physiological significance is at- 
tached to them at present. The wall vacuoles 
arcordin" to Mollendorff are formed by the 
Sraefen of the colloid due to fixation. All 
thyroids of this series were fixed for the same 
length of time in Bouin’s fluid 

Dama-e to the follicular walls was greater 
• castrated and treated rats than m the 
“o^isTraled, Ircalrf “■> '“'"■’5 


in the normal. Morrell and Hart®" report that 
the thyroids of male and female rats treated 
with stilbesterol show destruction of the fol- 
licles brought about by invasion of leuco- 
cytes which may result from the static con- 
dition of the gland. The destruction oc- 
curred in areas which appeared hyalinized in 
some cases and fibrous in others. The damage 
to the thiToid follicles that appeared in 
Groups 2 and 3 ivas similar to that of Mor- 
rell and Hart. Fibrosis was noticeable in all 
the damaged thyroids and the hralinized areas 
appeared to be due to release of follicular col- 
loid in the tissue spaces. 

Alpha-estradiol prevented the descent of 
the testes into the scrota of the animals of 
Group 2 (Table II). According to Moore 
and Price^’ this is due to the inhibitory’ effect 
of estrogens upon the hypophysis by reducing 

no Morrell, .T. A., .-md Ilnrt, G. W., Endocrinol- 
ogy. 1941, 29, 7C9. 

ni Moore, C. It., nn.l Friee, I)., Vnoc. Soc. E.vp. 
Biol. Med., 1030, 28, 3S. 
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Fig. 1. 


Avernge body-temperature changed after (1) subcutaneous injection (A) (lo rats) of 1.0 
cc of Higgins India inb; (2) intraperitoneal injection of (B) 0.2 cc (S rats), (C) 1.0 cc 
(8 rats), and (D) 2.0 cc (15 rats) of Higgins India ink, and (3) intraperitoneal injection of 
2.0 cc of 2.0% suspension of blood charcoal (8 rats). 



Fic. 2. 


I. Average body-temperature change after subcutaneous injection of 4 cc of 1.0% carmine 
(A). Per cent change in cell volume (hematocrit) shown in C and plasma protein in B (lo 
rats). 

H. Avcr.age body-temperature change after intraperitoneal injection of 4 ec (G) (S rats) 
and 2 cc (F) (8 rats) of 1.0%> carmine. Per cent changes in cell volume arc shorvn in E and 
plasma protein in H for the rats of curve G. 

injection, measurement of body-temperature curves of body-temperature change after intra- 
and the care of the animals vere the same as peritoneal administration of 0.2^ cc (B). 1.0 
those already described.^ Young adult white cc (C). and 2.0 cc (D), and the subcutaneous 
rats were used in all instances. administration of 1.0 cc (A) of India ink. 

Experimental Results. Fig. 1 shows average In this figure is included a curve (E) that 
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Effects of Injection of Large Molecular and Particulate’ Substances on 
Body-Temperature of Rats.* (17418) 


Robert jM. Hill and Enid K. Rutledge 
From the Department.'; oj Biochcmhtry and Pathology, University of Colorado Medical Center, 

Denver, Colo. 


In an earlier paper’ it was shown that 
autolyzed yeast and the magnesium salt of 
yeast nucleic acid produce a rise in the body- 
temperatures of albino rats when injected 
subcutaneously, but produce a fall in the 
body-temperatures when injected intraperi- 
toneally. On the other hand, the purines, 
pjTimidines and allantoin derived from nucleic 
acid do not materiallj'^ affect body-tempera- 
ture by either route of administration. It 
seemed possible, therefore, that the property 
of altering bodj'-temperatures may be asso- 
ciated with the high molecular weight or par- 
ticulate nature of the substances employed 
rather than with chemical groups present. 
India ink injected subcutaneously, as well as 
autolyzed yeast, has been used for producing 
fever experimentally. India ink is also known 
to be phagocytized after intraperitoneal injec- 
tion and taken up by the cells of the reticu- 
loendothelial system where it is easily seen. 
However, we have not found any record of 
body-temperature measurements after intra- 
peritoneal injections of this substance. 


In this paper we are reporting experiments 
with India ink, with blood charcoal and with 
two dyes that have been used for visualizing 
the lymph channels and the reticuloendothelial 
system, carmine and trypan blue. In addi- 
tion to these, a variety of substances was test- 
ed either because of their particulate nature 
of, because they have been reported to alter 
body-temperature. In the latter group were 
skim milk, barium sulfate as prepared for 
■rastrointestinal roentgenography, lipiodol, egg 
albumin, and 2. 4-dinitrophenol. Of these, 
onlv the last named showed anj^ influence on 
bodv-temperature by either subcutaneous or 
intraperitoneal administration, and it pro- 


under contact with the Oflico of 

^7nilf nnd Rutledge, K. K., IV.oc. Poc. 

.Exr.B;ot:.vKi. Mr.u.. I04P, 71,0. 


duced fever by both routes. Because of the 
negative results no data are reported for this 
group of substances. 

It seemed possible that the fall in body- 
temperature observed after intraperitoneal in- 
jection of some substances was a response to 
shock. To test this hypothesis blood cell 
volumes and plasma proteins were measured 
before and at inten-als after treatment. These 
measurements are compared with similar 
measurements made after intraperitoneal in- 
jections of ox bile and solutions of peptone, 
two substances that are used for the experi- 
mental production of shock. 

Materials and methods. The carmine used 
was a Grubler and Company preparation. The 
trypan blue was obtained from the Coleman 
and Bell Company. For most of the experi- 
ments both were prepared for injection by 
shaking 100 mg of the dye with 100 cc of 
Q.^% NaCl solution. Neither dye was com- 
pletely soluble at this concentration, the car- 
mine less so than the trj'pan blue, but both 
remained suspended long enough after vigor- 
ous shaking for injection. E.xcept as indi- 
cated, Higgins India ink was used as pur- 
chased. Two g of ilerck’s blood charcoal 
were shaken vigorously with 100 cc of 0.9% 
NaCl solution just before injection. Ox bile 
was used as received from the packing house. 
The peptone was a 20% aqueous solution of 
J. T. Baker's powdered “Peptone, Bacterio- 
logical.” Blood for cell volume and plasma 
protein determinations was obtained by clip- 
ping the tail and allowing the blood to drop 
into a small cuvette containing heparin. Cell 
volumes were determined with Smith tubes 
and plasma proteins by the copper sulfate 
specific gravity method.- The methods of 

e R. A.. Van Sl.vkc, U. D.. Pah', V. !>,, 

Eniorsaii. K.. llniniltoii. 1’. li.. :inil .trihih.ih), 

R. JI.. I’ublii'.'itii'O "f tl'e States Njivv R,'. 

si-arcli Unit at tlip II(i'i|iitaI of tin- lioi'krfolkr 
Institute for Medii'iil Rfsparch. 
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Pro. 5. 

Average change in bodv-temperature (A) after the intraperltoneal injection of 0.5 cc of 
ox bile. Per cent change in cell volume (hematocrit) (C) and plasma protein (B) in the same 
animals (6 rats). 


(16%) cannot be eiqjlained entirely on the 
basis of dilution. We suggest that the more 
concentrated carmine preparation contained 
enough insoluble material that local irrita- 
tion resulted in mild shock. This, if it is 
shock, is accompanied, however, not by a 
more intense but less intense hj’pothermia. 

To save space, no curves are given for the 
tr\pan blue e.xperiments. In all cases they 
nere qualitatively like those for carmine; 
quantitatively, the resixmse was less intense. 

Fig. 4 shows cur\’es for body-temperature 
response and for changes in blood cell volume 
and plasma protein concentration after intra- 


peritoneal injection of 4 cc of 20% peptone. 
The decrease in body- temperature (A) is 
similar to that after I cc of India ink or 
1 cc of 1% carmine, but is not as great as 
that after 4 cc of either of these preparations. 
In spite of the large amount of water admin- 
istered, there was an early concentration of 
the blood, as measured by blood cell volume 
(C) and plasma protein concentration (B), 
which was followed later by dilution. These 
changes may be due to an earh' loss of water 
into the peritoneal ca\dty because of hj’per- 
tonicity of the peptone solution. The fact 
that the protein and cell volume changes were 
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Fig. 3. 

I. Average body-temperature change (A) after intramuscular injection of 1 cc of 4% 
carmine. Average per cent change in cell volume (hematocrit) (B) and plasma protein (C) 
in the same animals (4 rats) . 

II. Average body-temperature change (F) after intraperitoncal injection of 1 cc of 4% 
carmine. Average per cent change in cell volume (D) and plasma protein concentration (E) 
in the same animals (8 rats). 


represents the changes in body-temperature 
after intraperitoncal administration of 2.0 cc 
of a 2.0% suspension of blood charcoal. 

The expected rise in body-temperature was 
observed after subcutaneous injection of India 
ink. After intraperitoncal injection, the 
body-temperature showed a fall, the degree 
and duration of which depended upon the 
amount of ink administered. Dilutions of 
India ink 1-100 given' in 2 cc doses were inef- 
fective; 1-10 dilutions given in the same 
volumes gave small responses in some animals. 
These data are not represented in the figure. 
Blood charcoal given intraperitoneally gave 
less intense but qualitatively the same re- 


sponse as India ink. 

Ormine (Fig. 2) in doses of 4 cc of a 
1.0% preparation produced a fever when 
given subcutaneously (-A.) but was somewhat 
fess active than 2 cc of India ink. The same 
dose given intraperitoneally (G) reduced the 
body-temperature, both qualitatively and 
quantitatively, much as was done by 2.0 cc 
of India ink. Intraperitoneal injection (F) 
of 2 0 cc of 1.0% carmine gave a less pro- 
longed response. The changes in cell volume 
(subcutaneous injection C; mtrapentoneal 


injection E) and plasma protein concentra- 
tion (subcutaneous injection B; intraperiton- 
eal injection D) may have been caused by 
dilution with the water injected. Similar 
changes followed the injection of saline alone. 

The results of intramuscular injection of 
carmine are shomi in Fig. 3 (I). In order to 
avoid over-distention of the tissue and also 
to give the same dose of carmine, 1 cc of a 
4% preparation was used instead of 4 cc of 
a 1% preparation. After a short period of 
hypothermia, a prolonged hyperthermia fol- 
lowed this treatment. The more mild de- 
creases in cell volume and plasma protein con- 
centration after injection of the smaller vol- 
umes are consistent m’th the hypothesis that 
these phenomena are due to dilution. 

In Fig. 3 (II) are shown the results of in- 
traperitoneal injection of 1 cc of the 4% 
preparation of carmine. This more concen- 
trated preparation given in smaller volume 
has less effect on body-temperature (F) than 
4 cc of the 1% preparation (Fig. 2). At the 
same time there is a greater fall in the plasma 
protein concentration (E) and a somewhat 
greater fall in the cell volume (D). The 
great fall in plasma protein concentration 
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animals were not in shock during hypothermia. 
Intraperitoneal injections of ox bile, and solu- 
tions of peptone produced a less intense 


hj-pothermia although ox bile caused severe 
shock. 

Received Augus't S, 19i£). P.sSl.JI., 1949, 72. 


A Highly Active Material that Promotes Conversion of Prothrombokinase 

Complex.* (17419) 

J. H. Milstoxe (Introduced by H. S.,K. Greene) 

From the Laboratory of Pathology, Yale University School of iFedicine, AVw Haven, Conn. 


A procedure has been described* for analyz- 
ing blood coagulation in three e.xperimental 
steps: 1. activation of prothrombokinase; 2. 
activation of prothrombin: 3. coagulation of 
fibrinogen. Crude thrombokinase, besides ac- 
tivating prothrombin, also accelerated con- 
version of prothrombokinase. Both activities 
werg lost upon adsorption with barium sulfate. 

It is now reported that a material, prepared 
by elution from barium sulfate, promotes the 
activation of prothrombin, and also the con- 
version of crude prothrombokinase. Begin- 
ning with a solution of bovine plasma globu- 
lins, - fraction “.A” was adsorbed on Hxilo 
(Johns-Manv'ille) and eluted with phosphate- 
potassium chloride solution. The unadsorbed 
globulins were e.xposed to adsorption by bari- 
um sulfate. From the latter, two successive 
fractions rvere eluted, with 0.2-0.3M phos- 
phate, pH 6.6, and with 0.6M phosphate, 
pH 7.9. The pH 6.6 eluate had more pro- 
thrombin. From the pH 7.9 eluate, proteins 
soluble in 0.35, but precipitable by 0.45 
saturated ammonium sulfate were selected as 
the “converter fraction.” This involved 3 
extractions and 20 precipitations. Proteins 
soluble in 0.45, but precipitable by 0.60 sat- 
urated ammonium sulfate, constituted the 
“thrombin fraction" (3 extractions, 7 precipi- 
tations). Fifty-five liters of plasma yielded 
10 ml of each fraction. Both were dialyzed 
simultaneously in the same beaker. 

.Activations were studied with calcium 

• Ai<U-a hy ii Rrant from the .tames nutlEon 
Brown Memorial Fund of the Yale XtniversitT 
Scliool of Medicine, 

1 Milstmip, .T. II., .r. Gen. Phtmol, 1048, 31, 301. 


present, giving results summarized in Table I. 
At high dilution, the converter hastened both 
the activation of prothrombin and the con- 
version of crude prothrombokinase. In com- 
paring different preparations, converter ac- 
tivities estimated by the 2-stage and 3-stage 
procedures were roughly parallel. This is 
compatible with the view that the tests 
measured two different effects of the same 
substance. 

In contrast, converter activity did not 
parallel thrombin activity. The ratio of con- 
verter to thrombin activity was 100 times as 
great in the converter fraction as in the 
thrombin fraction. Conceivablj', varieties of 
thrombin can exist with different converter 
activities, or some factor modifies the behavior 
of thrombin in one of the fractions. If, as 
must be contemplated, the converter is dis- 
tinct from thrombin, the results suggest how 
difficult would be its elimination from throm- 
bin by salting-out. Moreover, the converter is 
manifest in sufficiently minute amount to cause 
confusion, ev^en as a small contamination in a 
highly purified thrombin. 

The relation of “.A” and converter to throm- 
bokinase activ'itv' resembles that reported for 
platelets plus “globulin”.- Their effects are 
complementaiy, but not simph' additive. 
Clear evidence has not been obtained that 
their mutual reinforcement is due chiefly to 
progressive activation of one by the other. 
-An additional possibility must be considered, 
that one is thrombokinase and the other con- 
tains a co-factor or anti-inhibitor. 

~ Milstone, .T. H., Pp.oc. .Soc. Exp. Bloc, a.vd 
Med., 1948, «8, 22.S. 
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closely parallel argues against loss of protein 
into the tissue through the capillarj^ wall. 
If shock was present in these animals during 
hypothermiaj'it was not severe. We cannot 
explain the dilution of the blood the following 
day. The animals appeared to be in good 
condition. 

In Fig. 5 are' presented the body-tempera- 
ture changes (A) and changes in the blood 
cell volume (C) and plasma protein concen- 
tration (B) after intraperitoneal injections of 
0.5 cc of ox bile. It was found impossible 
to administer more than this quantity of 
bile and keep the animals alive as long as 
was desired. Following bile administration 
there was a decrease in plasma protein con- 
centration at the same time that the blood 
was being copcentrated as measured bi' the 
cell volume. This can be explained as an 
earl}' local loss of protein through the dam- 
aged capillary, \yalls. .^t the site of protein 
loss there was presumably a parallel loss of 
water. In other areas the water was partly 
restored ibut the 'protein could noCb^uppHed 
as quicMy. The net result of loss of water 
and of protein in one area and partial re- 
placement of -water alone in another area is 
dilution of the circulating plasma protein and 
a simuifaneouk concentration of cells. How- 
ever, later'l Ihe plasma protein concentration 
was increased, and, at the 5th hour was 
above Ui.e initial value. Finally, there 
was a roughly parallel decrease in both the 
cell volume and the plasma protein concentra- 
tion indicating a general dilution of the blood. 


At autopsy it was observed that engorge- 
ment was intense in the splanchnic veins. We 
believe that the development of shock after 
intraperitoneal injection of ox bile was un- 
questionable. However, in spite of the shock, 
the intensity and duration of the hypothermia 
was less than was found after injection of 
the other hjpothermia-provoking agents. 
Gross examination of the peritoneal surfaces 
after injection of the substances other than 
bile showed at most only mild reactions. _ 
Discmsio?!. The substances, India ink, 
blood charcoal, carmine, and trypan blue, 
whose dual action on body-temperature ,s 
described in this paper, have little m com- 
S chemically b«l. as admmlslerKl, all arc 


particulate. When given intraperitoneally, 
they are all rapidly taken up- by the lymph 
channels and can be seen in the reticuloen- 
dothelial system. However, the fact that 
a substance is injected in particulate form 
does not assure that it will affect body-tem- 
perature. This is shown particularly well with 
injections of suspensions of BaSO.) which are 
entirely inactive. It may be tliat the particles 
of BaS 04 are not phagocy'tized and do not 
reach the reticuloendothelial system and that 
this is the reason for its inactivity. On the 
other hand, no particulate material can be 
seen in the clear yeast “autolysates” whicli 
have a dual effect on body-temperature in 
the rat as previously described.^ The very' 
large molecules of yeast nucleic acid, which 
are presumed to be the active constituent of 
yeast autolysate, may be handled similarly 
to particulate material, though we have, as 
yet, no evidence of this beyond tlie-similarity 
in thermal reaction after injection. 

.^t present^' no ,e.xplanation can lie given 
- for the fall in body-temperature after the intra- 
peritoneal injection of these substances. There 
is little 'evidence of shock, and when severe 
shock is produced by intraperitoneal injection 
of ox bile, the fall in“b6dy-temperature is 
less than when particulate substances are 
injected. The cause of hypothermia would 
seem to lie rather in some interference with the 
normal functioning of the reticuloendothelial 
system. Intramuscular injection of carmine 
produces a rise in body-temperature similar 
to that following subcutaneous injection. This 
would seem to rule out differences in blood 
supply to the area of injection, and conse- 
quent differences in the rate of absorption, as 
the cause of the dual effect of carmine on 
body-temperature. 

Summary. India ink, suspensions of blood 
charcoal, carmine, and trrpan blue were in- 
jected subcutaneously and intraperitoneally. 
Carmine was injected also intramuscularly. 
.After subcutaneous and intramuscular injec- 
tion a rise in body-temperature was obser\'ed. 
.After intraperitoneal injection a fail in Ixidy- 
temperature was observed. .As judged by 
relative engorgement of capillary betf.s, and 
changes in blood cell volume (hematocrit) 
and plasma protein concentration, these 
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have found that the factor in the serum re- 
sponsible for the agglutination of normal 
sheep erythrocytes was present in the sera 
of both normal and rheumatoid arthritic in- 
dividuals. This normal agglutinin is a vari- 
able factor and is independent of the capacity 
of the sera of patients with rheumatoid 
arthritis to agglutinate sensitized cells. It can 
be selectively absorbed without significantly 
influencing the titer against sensitized sheep 
cells. The titer thus obtained reflects the 
concentration of the factor associated with 
rheumatoid arthritis. At the same time the 
need for expressing the results of the test as 
a differential titer is eliminated. Based upon 
an absorption technic, a modification of the 
original test is herein described. A compari- 
son of the results of the test as modified by 
us, the test as originally described by Rose, 
et al.,' and the streptococcus agglutination 
test is presented 

Method and procedure. 1. Preparation of 
Normal Sheep ^ythrocytes. One volume of 
sheep blood is mixed with 1.2 volumes of 
Alsever solution. Sufficient formaldehyde is 
added at collection to make a final concentra- 
tion of O.lfo. This mixture stored at 4-6°C 
will usually last 4 to 6 weeks. The blood- 
Alsever mixture should be kept in the re- 
frigerator for 2-3 days before use. The cells 
are washed 3 times in a graduated centrifuge 
tube with saline, centrifuging at 2000 ipm 
for IS minutes between each washing. The 
supernatant of the last washing must be water 
clear. The packed cells are used for absorp- 
tion. 2% suspension in saline is also pre- 
pared from packed cells. Part of this is 
further dilut^ with saline to make a 1% 
suspension for use in the test. 

Preparation of Sensitized Sheep Erythro- 
cytes. Rabbit anli-sheep-erythrocyte hemoly- 
sin is prepared in concentrations of 1:4000 (2 
units per cc) determined by the complement- 
fixation technic.*^ To the 2<yo suspension of 

r Cecil, R. L., Nicliolh, E. E., and Stainsby, 
■ W. S., Arch. Int. .tlfd., 1929, 43, 571. 

c Cecii, R- Ij., Xicholis, E. E., and Stainsby, 
W. J.. -im. .1. Med. SV., 1931, 181, 12 . 

«Eiimian, M. 0., Laboratory of the Edward 
Daniels Faulkner Arthritis Oinic, Presbyterian 
Hospital, Xew York, personal communication. 


erythrocytes as described above an equal 
volume of a 1:4000 dilution of amboceptor is 
added. The solution should be allowed to 
stand for at least 10 minutes before use. 

Treatment of patient’s serum. Clear serum 
is obtained from clotted blood and inactivated 
at 56°C for one-half hour. Serum may be 
stored in a deep freeze at -20°C for at least 
5 months without significant loss of potenejV 
For absorption, 4 volumes of serum are mixed 
with 1 volume of packed sheep erjthrocytes 
and allowed to remain at room temperature 
for 40 minutes nath gentle shaking at inter- 
vals. The mixture is centrifuged and the 
clear serum is decanted into an additional 
volume of packed cells for another 40-minute 
incubation period at room temperature. The 
mLxture is again centrifuged and the clear 
serum is used for the test. Two absorptions 
have been adequate to eliminate the normal 
agglutinating factor for normal sheep cells. 
Additional absorptive treatment is necessary' 
in cases where the beterophile antibody asso- 
ciated with infectious mononucleosis is present. 
For this purpose, a 20% boiled ox eiythro- 
cyte suspension® is centrifuged and .the super- 
natant fluid discarded. Four volumes of the 
serum is mixed with one volume of the packed 
sediment, incubated at 37°C for 1 hour, cen- 
trifuged, and the serum removed. 

Procedure. Two series of two-fold dilu- 
tions of absorbed serum are made in 0.5 ml 
volumes of normal saline. In the first series, 
consisting of three tubes, the serum dilutions 
range from 1:3.5 to 1:14. To this series is 
added an equal volume (0.5 ml) of 1% normal 
sheep cells; the final dilution range is thus 
1 : 7 to 1 : 28, The second series, consisting of 10 
tubes, is similarly diluted (1:3.5 to 1:1792). 
To this series, 1% sensitized sheep cells are 
added in 0.5 ml volume, thus making the 
final dilutions 1:7, etc. The tubes are shaken 
to make a homogeneous suspension of the 
cells, and incubated in a water bath at 37°C 
for one hour. The tubes are then refrigerated 
overnight. Readings are made after gentle 

~ Unpublished data, 

® Kolmer, J. A., and Boerner, F., Approved I>3b- 
oratory Tcclmic, D. Appleton-Century Co., X. Y,, 
4tb ed., 1945, p. 644, 
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TABLE I. 

Effective Amounts of Converter Eraction. 


2-stngc tests 


3-stagc tests 

* 4 

Accelerate conversion of 
crude prothrombokinase 

Activate half of prothrombin 
in 40 min. 

Accelerate prothrombin 
activation in presence 
of aged fraction ' ‘ A ” 

2/11 dilution 

1/1,000 dilution 

1 fig protein-N/ml 

1/45,000 dilution 

0.02 fig protein-N/ml 


Kgares refer to final dilution or concentration in the respective activation mixtures. A 
concentration of 0,02 )xg protein-N per ml protiirombokina.se mixture becomes 0.002 fig per ml 
when the mixture is diluted tenfold in prothrombin. The tests were performed as previously 
described.t.2 


Previous comparison^ of prothrombokinase 
to Factor V was based on Owren's tentative 
concept of V as the precursor of VI.® If his 
V preparation did not so function, the com- 
parison does not apply to it. Crude prothrom- 
bokinase “may contain an activator complex 
with more than one significant component,”^ 
More than one transformation may occur in 
the complex. 

Although the converter fraction is highly 
active, it may be far from pure, chemically. 

sOwren, P. A., Acta Meet. Scan^., 1947, suppl. 
194. 

4 Milstonc, J. H., .7. Gon. PhysioL, 1942, 25, 679. 


It may represent a thrombokmase which acti- 
vates not only prothrombin, but also pro- 
thrombokinase. Several years ago,"* it was 
reported that concentrated prothrombin 
changed' to thrombin in the absence of ionic 
calcium, without addition of activators; and 
the possibility was left open that a contamin- 
ant was responsible. The possibility must be 
entertained that the converter contaminates 
highly purified clotting preparations, and 
might be responsible for certain effects oc- 
casionally attributed to prothrombin or throm- 
bin. 

Kcccived August 9, 1949. P.S.E.B.M., 1949, 72. 


A Modification of the Hemagglutination Test for Rheumatoid Arthritis.* 

( 17420 ) 

George Heller, Abraham S. Jacobson, and Maxwell H. Kolodny (Introduced 

by R. L. Cecil) 

From the Veterans AAminhtralion Hospital, Bronx, N. T. 


A diagnostic test for rheumatoid arthritis 
based upon the agglutination of sheep eryth- 
rocytes has been recently reported by Rose, 
Ragan, Pearce and Lipman.^ Serum from 
patients with rheumatoid arthritis agglutin- 
ates sheep erythrocytes sensitized with sheep 


ttie jicrniission of tbe Chief 
Medical Director, Deiiartmcnt of Medicine .and 
Lreerv Veterans Adrainistr.afion, who assumes no 
responsibility for the opinions expressed or the 
coneliisji^dranm^by^e^^^^ 

man, M.’o.,‘rbob. Soc. Esv. Biol, .vxn -Mru., 1948, 


C8, 1. 


cell hemolysin to a titer at least 16 fold higher 
than that obtained with normal sheep cells. 
These are expressed as a differential titer 

( titer with sensitized cells! 

— . I The test has been 

titer with normal cells / 
confirmed but may be of limited value for 
diagnostic purposes.®'® In the performance 
of the test as described by Rose, ct al.,‘ we 

“2^utto,~s. E., ^'oceesha)!, 

II. C., Prop, Soc. E.xt. Biol, axd JIkd., 1949, 70, 

'*'a'T.awitz, E., and Hook, E. V., Pnoc. t<oc. E.vr. 
Biol. .\ni> Mkil, 1949, 70, CaO. 



HEilAGGLUTINATIOK TeST FOR RHEUMATOID ARTHRITIS 


319 


TABLE II. 

Biffcreuliiil .Absorption of tlie Heterophilc Factor from Serum of Patients rvitli Infectious Mononucleo- 
sis and l^atienfs with Rlieumatoid -Arthritis. 






Titer of serum 

Titer of serum 


Titer of unabsorbed serum 

absorbed witb nor- 

absorbed 

with sbeep 



1 


mal sbeep cells -J- 

and ox cells 


/ 


\ 

/■ 

\ 




Xormal 

Sensitized 

Differen- 

Xormal 

Sensitized 

Xormal 

Sensitized 

Diagn-sis 

RBC 

RBC 

tial titer 

RBC 

RBC 

BBC 

RBC 

I. Infectious 








uumoiiuelcosis 

890 

1792 

2 

112 

448 

0 

0 

Blicuni.-itoid 

artliriti.s 

3. Mi.xture of 

14 

448 

32 

0 

448 

0 

448 

equal vol. of 

Xo. 1 and 2 

44S 

890 

o 

224 

890 

0 

224 

4. Infectious 
mononucleosis 

5. Rlieumatoid 

89G 

890 

1 

112 

448 

0 

0 

artliritis 

G. Mixture of 

28 

3584 

128 

0 

1792 

0 

1792 

equal vol. of 

No. 4 and a 

448 

890 

o 

112 

1792 

0 

1792 

RBC refers to sheep red blood cells. 


arthritis (control group) gai-e no significant 
agglutination. Removal of the normal (non- 
specific) factor by absorption did not materi- 
ally affect the titer of the factor associated 
with rheumatoid arthritis. The sera from 
cases of infectious mononucleosis could not be 
completely absorbed by the routine method 
described. The heterophile antibody con- 
tinued to give a positive titer with normal 
sheep cells after absorption of the sera with 
sheep erythrocytes. However, additional ab- 
sorption of the sera with boiled ox cells re- 
sulted in complete absorption of the hetero- 
phile factor. In cases of active peripheral 
rheumatoid arthritis, such multiple absorp- 
tions did not affect the final titer. Mixtures 
of sera from cases of rheumatoid arthritis and 
cases of infectious mononucleosis, when treat- 
ed by this method and allowing for dilutions, 
retained only the titer of the rheumatoid 
arthritis factor (Table II). 

Table III shows the distribution of agglu- 
tination titers using the modified test in 166 
cases. Only cases with active peripheral rheu- 
■ matoid arthritis (with the e.xception of 2 cases 
of infectious hepatitis) gave titers of 1:28 or 
higher with complete acglulination in the 
first 2 dilutions. For this reason, this value 
is considered to be the lower limit of a posi- 
tive reaction. Using this criterion, 35 of 39 


cases (90%) of active peripheral rheumatoid 
arthritis (S of which also had spondylitis) 
gave positive values ranging from 1:28 to 
1:3584. All 30 were unequivocal cases of 
active peripheral rheumatoid arthritis with 
x-ray evidence of small joint involvement. 
Negative reactions were obtained with the 
sera of all cases of inactive' peripheral rheu- 
matoid arthritis, rheumatoid spondj’litis with- 
out peripheral joint involvement or with in- 
active peripheral joint involvement, and in 
all cases of psoriatic arthritis. A group of 13 
cases of arthritis in which the clinical course 
was not inconsistent with the picture of early 
peripheral rheumatoid arthritis but in which 
.x-rays showed no evidence of joint involve- 
ment were all negative. .■Ml other forms of 
arthritis, non-rheumatoid in type, and the 
non-arthritic controls were negative. Ten cases 
of infectious hepatitis were tested. No deter- 
mination could be made in one of these cases 
by our method because complete absorption 
could not be obtained, .-^fter repeated ab- 
sorptions (10 times), the titer against unsen- 
sitized cells remained 1:28. In two other 
cases the titers were positive (Table HI). 

I -A was coiisidcreil iiiaptivc if tlic patient 
'v.ns flinkally in ?ymptoniatk- remission witii ab- 
sence <if swellitif;, pain and tendenu"-'s of involved 
joints and witii tlie sedimentation rate normal. 
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TABLE I. 

Comiiarisoii of Agglutinntion Titers Obtained ^vith Uinibsorbed and Absorbed Sera from Eepresenta- 

tive Cases. 


Kose test Modified test 

f ^ ^ ^ — — — ^ 

Unabsorbed senim + Differential Absorbed sernm + 


Di.'igno.sis 

Normal BBC 

Sensitized BBC 

titer 

Normal BBC 

Sensitized BBC 

Active jieripbcral 

oG 

890 

10 

0 

896 

rliemimtoid nrtb- 

5G 

1702 

32 

0 

1792 

ritis (5 cnscs) 

0 

448 

448 

0 

224 

14 

112 

8 

0 

224 


50 

448 

8 

0 

448 

Bheumatoid spomiy- 

112 

224 

2 

0 

112 

litis Avilb .active 

0 

89G 

890 

0 

1792 

peripbci'.al joint 

14 

1702 

128 

0 

896 

involvement (4 

0 

800 

890 

0 

1792 

cases) 

Elicuinatoifi .sponfiy- 

7 

7 

1 

0 

0 

litis witbnui 

14 

28 

o 

0 

0 

pcrijiboTnl joint 

28 

50 

o 

0 

0 

uivolvcmcnt (3 
cases) 

Psorintic nrtliritis 

14 

14 

1 

0 

0 

(2 cases) 

7 

14 

2 

0 

0 

Cirrhosis of liver 

50 

112 

o 

0 

0 

II vpcrgl obnli n cm i n 

14 

14 

1 

0 

0 

(2 cases) 

28 

00 


0 

0 

Brucellosis 

7 

14 

o 

0 

0 

Duodenal ulcer 

0 

14 

14 

0 

0 

Gout 

14 

28 

o 

0 

0 

Osteoarthritis 

7 

28 

4 

0 

0 

Bbeuniatic 

28 

28 

1 

0 

0 

polyarthritis 


BBC refers to sbeep red blood colls. 


shaking. For simplicity, 3 values are used: 
complete agglutination, partial agglutination, 
and no agglutination perceptible to the naked 
eye. The test is valid only if no agglutination 
is obsen^ed in the tubes containing the normal 
cells, thereby indicating complete absorption 
of the normal sheep cell agglutinin. Both the 
Rose test and the modified test were run con- 
currently the same reagents were always used 
for both tests. The Rose test was performed 
d^scribedi except that the serial dilutions 
were'' the same as those used in our modified 
f pet The streptococcus agglutination test was 
aFo performed as described by Lipman.® 
Jesuits Agglutinins for normal sheep 
erytoocj-ies (Forss».» ““F >» 


found in the sera of normal individuals as well 
as in those with rheumatoid arthritis. In our 
studies, it was found that sera obtained at 
intervals from the same patient showed varia- 
tions in the normal agglutinin titer.’' It is 
not yet clear whether these variations reflect 
a fluctuating agglutinin content or are asso- 
ciated uath the varj’ing agglutinafaifity of dif- 
ferent batches of sheep erythrocytes. Table I 
demonstrates that this normal agglutinin can 
be completely absorbed with normal sheep 
cells. As a result of this procedure, only tie 
sera from patients with active peripheral rheu- 
matoid arthritis retained the capacity to ag- 
glutinate sensitized cells. The sera from 
patients with diseases other than rheumatoid 
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TABLE II. 

BiSfcrcntial Absorption of tlie Heteropiiile Factor from Serum of Patients uitii Infectious Mononucleo- 
sis ami Hatients witli Elieumritoid Artbritis. 



Titer of unabsorhed serum 

Titer of serum 
absorbed witii nor- 
mal sliecp cells 

Titer of scrum 
absorbed witii slicep 
and ox cells -■- 

r)iagi!''sis 

Normal 

BBC 

Sensitized 

BBC 

Differen- 
tial titer 

Normal 

BBC 

Sensitized 

BBC 

y 

Normal 

BBC 

A 

Sensitized 

BBC 

1. hifet-tious 
mnncmuck’Osis 

890 

1792 

2 

112 

448 

0 

0 

IBicuniatoid 

artliritis 

14 

448 

32 

0 

448 

0 

448 

3. Mixture of 
equal vo!. of 

No. 1 and 2 

44S 

890 

O 

224 

890 

n 

224 

4. Infectious 
inononutlcosis 

890 

890 

1 

112 

448 

0 

0 

5. Blicumatoid 
artiiritis 

28 

3384 

128 

0 

1792 

0 

1792 

0. Mixture of 
equal vol. of 

No. i and 5 

44S 

890 

2 

112 

1792 

0 

1792 


BBC refers to slicep red blood cells. 


arthritis (control group) gave no significant 
agglutination. Removal of the normal (non- 
specific) factor by absorption did not materi- 
ally affect the titer of the factor associated 
with rheumatoid arthritis. The sera from 
cases of infectious mononucleosis could not be 
completely absorbed by the routine method 
described. The heterophile antibody con- 
tinued to give a positive titer with normal 
sheep cells after absorption of the sera with 
sheep erythrocytes. However, additional ab- 
sorption of the sera with boiled ox cells re- 
sulted in complete absorption of the hetero- 
phile factor. In cases of active peripheral 
rheumatoid arthritis, such multiple absorp- 
tions did not affect the final titer, ^fixtures 
of sera from cases of rheumatoid arthritis and 
cases of infectious mononucleosis, when treat- 
ed by this method and allowing for dilutions, 
retained only the liter of the rheumatoid 
arthritis factor (Table II). 

Table III shows the distribution of agglu- 
tination liters using the modified test in 166 
cases. Only cases with active peripheral rheu- 
matoid arthritis (with the e.xception of 2 cases 
of infectious hepatitis) gave titers of 1:28 or 
higher with complete agglutination in the 
first 2 dilutions. For this reason, this value 
is considered to be the lower limit of a posi- 
tive reaction. Using this criterion, 35 of 39 


cases (90% ) of active peripheral rheumatoid 
arthritis (8 of which ako had spondylitis) 
gave positive values ranging from 1:28 to 
1:3384. .HI 30 were unequivocal cases of 
active peripheral rheumatoid arthritis with 
x-ray evidence of small joint involvement. 
Negative reactions were obtained with the 
sera of all cases of inactive! peripheral rheu- 
matoid arthritis, rheumatoid spondylitis with- 
out peripheral joint involvement or with in- 
active peripheral joint involvement, and in 
all cases of psoriatic arthritis. A group of 13 
cases of arthritis in which the clinical course 
was not inconsistent with the picture of early 
peripheral rheumatoid arthritis but in which 
x-ra\s showed no evidence of joint involve- 
ment were all negative. .All other forms of 
arthritis, non-rheumatoid in type, and the 
non-arthritic controls were negative. Ten cases 
of infectious hepatitis were tested. No deter- 
mination could be made in one of these cases 
by our method because complete absorption 
could not be obtained. .After repeated ab- 
sorptions (10 times), the liter against unsen- 
sitized cells remained 1:28. In two other 
cases the tilers were positive (Table III). 

i A tonsifltTud iiinclivo if thy patient 

\vas ciimeaUv in hyniptomatic remi.Nsion with nh* 
Pence of pain and tcndernf'.'> of invo3\'ed 

joints and witli the Pcdiinentation rate normal. 
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TABLE in. 

Distribution of Cases According to Agglutiuntion Titer, Using the Modified Test. 


Diagnosis 


No. of r- 
cases 0 


Agglutination titer 

14 28 56 112 224 ’ 448 S90 1792 35S4 


Active peripheral 
rheumatoid arthritis 
Without spondylitis 31 

With spondylitis 8 2 

Peripheral rheumatoid 7 3 

arthritis of question- 
able activity (1) 

Inactive peripheral 8 5 

rheumatoid arthritis 
Eheumatoid spondylitis 15 12 

without peripheral 
joint involvement 

Rheumatoid spondylitis 7 5 

with inactive periph- 
eral joint involvement 
Psoriatic arthritis 9 6 

Arthritis, type unde- 13 10 

termined, possibly 
rheumatoid (2) 

Other arthropathies (3) 30 27 

Non-arthritio controls 28 23 

except infectious 
hepatitis (4) 

Infectious hepatitis 10 (c) 3 


1 2(a) 2 3 4 8 

2 1 

2 1(b) 1 


1 1 1(b) 

1 2 


1 2 
2 1 


2 1 

3 1 1(b) 


2 2 1 1 


5 5 1 

1 2 


(1) Definitive evaluation of activity could not be made on the basis of clinical impression and lab- 
oratory data. 

(2) Clinical course was not inconsistent with early rheumatoid arthritis, but x-ray studies showed 
no changes in affected joints. 

(3) These include 10 oases of rheumatic polyarthritis, 7 cases of gout, 2 cases of osteoarthritis, and 
11 eases of arthritis following a variety of infection. 

(4) Among these are included 3 cases of hyperglobulincmia and 4 cases of infections mononucleosis. 

(a) One of these is considered negative because the results showed incomplete agglutination in first 
two tubes. 

(b) Negative because of incomplete agglutination in first two tubes. 

(e) Determination of titer in 1 case of infectious hepatitis could not be made because of incom- 
plete absorption of the non-specific factor by the standard technic. 


Table IV presents a summary of the results 
obtained with the sera of 166 patients by the 
modified test, the original Rose technic, and 
the streptococcus agglutination test. In the 
group of 39 patients with active peripheral 
rheumatoid arthritis of varying severity Md 
duration, eight of whom also had spondylitis, 
the modified test gave a significantly higher 
percentage of positive reactions than either 
of the other two tests. Both the modified and 
the Rose tests were consistently negative in 
inactive peripheral rheumatoid arthritis, active 
or inactive spondvlitis without peripheral joint 
involvement, and in psoriatic arthritis. In 
these groups, the streptococcus agglutination 
test however, was found on several occasions 
to be positive. The group of lo c^es of 
“ihrilis in which no Mnillvc d.agnos.o coold 


be made were negative to all 3 tests employed. 
hi all other arthropathies, including osteo- 
arthritis, rheumatic polyarthritis, gout, etc., 
the modified test and the Rose test were con- 
sistently negative. This was also true of the 
non-arthritic controls with the exception of 
infectious hepatitis in which two were piositive 
by our test but negative by the Rose test. 

Table V presents the findings in the 11 
cases of active peripheral rheumatoid arthritis 
in which the Rose test was negative whereas 
the modified test was positive. It is to be 
noted that in each case the titer against the 
sensitized sheep red cells was significantly 
elevated but the differential titer in the Rose 
test fell below 16 because of the presence of 
a Telative]y high non-specific agglutinin titer. 
This non-specific factor was removed in the 
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TABLE IV. 


Summary of Bcsults Comparing Tests Employed. 



No. of 
cases 

Modified test 
(1) 

■Rose test 
(2) 

Streptococcus 

agglutination 

Diagnosis 

r \ 

Pos. Neg. 

Pos. 

Neg. 

Pos. 

Neg- 

Active peripheral rheumatoid 
arthritis 

Without spondylitis 

With spondviitis 

Total 

% 

31 

8 

39 

(100) 

29 

6 

35 

(90) 

2 

o 

(10) 

21 

3 

24 

(61) 

10 

5 

15 

(39) 

IS 

a 

23 

(58) 

15 

3 

16 
(42) 

Peripheral rheumatoid 
arthritis-questionable 
activity 

7 

1 

6 

1 

6 

2 

5 

Inactive peripheral 
rheumatoid arthritis 

8 

0 

8 

0 

8 

2 

6 

Ehenmatoid spondylitis 
viithont peripheral 
joint involvement 

15 

0 

15 

0 

15 

3 

12 

Ehenmatoid spondylitis 
with inactive peripheral 
rheumatoid arthritis 

7 

0 7 

0 

7 

0 

7 

Psoriatic arthritis 

9 

0 

9 

0 

9 

1 

8 

Arthritis, tj-pe undeter- 
mined, possibly early 
rheumatoid arthritis 

13 

0 

13 

0 

13 

0 

13 

Other arthropathies (3) 

30 

0 

30 

0 

30 

2 

28 

Non-arthritic controls 
except infectious 
hepatitis (4) 

28 

0 

28 

0 

28 

Not done 

Infectious hepatitis 

9 

2 7 

0 

9 

1 

8 


(1) A titer of 28 or higher with compiete agglutination in first 2 tubes is considered positive. 

(2) A differential titer of 16 or greater is considered positive. 

(3) See Note No. 3— Table III. 

(4:) See Note No. 4— Table in. 


modified test, and the resulting titer was posi- 
tive in each case. No sera were encountered 
in which the Rose test was positive and our 
modified test negaU've. It is of interest that 
in the 4 cases of active peripheral rheumatoid 
arthritis which were negative by our test, 
both the Rose and the streptococcus agglutin- 
ation tests were also negative. 

Discussion. The agglutination of unsensi- 
tized sheep cells by human sera is due to a 
Forssman antibody (natural amboceptor).® 
This antibody may be present in var3’ing con- 

PKnbaf, E. A., M. M., Experimcntai 

Immunn-cliomistry, Charles C. Thomas Spring- 
field, HI., lots, p. 133. ’ 


centrations or may occasionally be absent. It 
is not related to the hemagglutinin associated 
with active rheumatoid arthritis nor is it 
necessary for the reaction with sensitized cells. 
The factor in the sera of patients with rheu- 
matoid arthritis responsible for the agglutina- 
tion of sensitized sheep cells behaves like an 
antibody. This is suggested by its reaction 
in selective absorption studies and its identity 
as part of the beta-gamma globulin complav.'^ 
Our results indicate that this substance is 
different serologically from the natural ambo- 
ceptor of human serum as well as from the 
heterophile antibody of infectious mononu- 
cleosis.' Evidence of its specificity is found 
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TABLE V. 


Comparative Besuits in Those Cases of Aetive Bheumatoid Artiiritis in Wiiicii the Bose Test 
Was Negative and the Modified Test Positive." . 


Diagnosis 

Normal 

BBC 

Bose test 

Sensitized 

BBC 

> 

DifCcrcntial 

titer 

Modified test 
titer 

Active pcriplieral rlioumatoifi 

28 

112 

4 

56 

arthritis (8 cases) 

7 

56 

8 

28 


14 

.50 

4 

28 


28 

224 

S 

224 


112 

224 

o 

56 


14 

112 

8 

224 


5G 

448 

8 

4-lS 


14 

112 

8 

448- 

Active peripheral riieumatoid 

7 

28 

4 

28 

arthritis witii spondylitis 

112 

224 

o 

112 

(3 cases) 

28 

56 


28 


BBC refers to slicep red blood cells. 


in the fact that it is present in a high per- 
centage of proven cases of rheumatoid arthritis 
and cannot be demonstrated in any of the 
other arthritides or in a wide variety of un- 
related medical controls. The occurrence of 
positive reactions in 2 cases of infectious he- 
patitis, both in low titer, may be due to the 
presence of altered globulins or unabsorbed 
antibodies associated with this disease. The 
concentration of rabbit anti-sheep amboceptor 
used in our test is based on its titer as deter- 
mined by complement-fixation.^ Our experi- 
ence has shown that varying the concentration 
within critical limits will produce false reac- 
tions.'^ We believe the present method of 
determining the sensitizing unit of ambocep- 
tor is unsatisfactory. Standardization of the 


sensitizing unit should be based on the ca- 
pacity of a particular pool of amboceptor to 
agglutinate a particular suspension of sheep 
cells rather than on its lytic capacity. Further 
studies on standardization along these lines are 
being pursued. 

Natural amboceptor in human sera can con- 
tribute to the further sensitization of cells 
thereby increasing their agglutinability. When 
the rheumatoid arthritis hemagglutinin is 
nresent in high titer, the amount of naturally 
occurring amboceptor is not of pracUcal sig- 
nificance because of dilution. For this re^on 
there 5s no essential difference m the titer 
obtained by absorbed and unabsorbed sera 
JSsenLwed cells (Table I). However, 


when the rheumatoid arthritis hemagglutinin is 
of relatively low titer, the normal ambocep- 
tor in tlie unabsorbed serum exerts an addi- 
tive effect with the rabbit anti-sheep ambocep- 
tor. In this event, there is relatively little 
dilution and the titer may then be higher than 
that obtained by absorbed serum , (Table V). 
Based upon our data, a titer of 1:28 with 
complete agglutination in the first two tubes 
can be considered positive. Thus far, we have 
found tliat the concentration of the rheuma- 
toid arthritis factor does not necessarily cor- 
relate noth clinical severity of the disease. 
On the other hand, in no case of inactive 
disease was a positive titer obtained. A seri- 
ous limitation of the test as a diagnostic tool 
is that it appears to become positive only when 
x-ra 3 's begin to show the joint changes charac- 
teristic of rheumatoid arthritis. In the group 
classified as arthritis of unknown type in 
which the course was not inconsistent with 
rheumatoid arthritis but where no x-ray 
changes characteristic of tlie disease were 
present, the test was negative. It will be 
noted that the streptococcus agglutination test 
and the Rose test were also negative in all of 
these cases. 

If the hemagglutinin associated with rheu- 
matoid arthritis is indeed an antibody, investi- 
gation is required to determine whether this 
antibody is the result of immunization by an 
etiological agent or whether it is analogous 
to the non-.specific antibody of tlie compic- 
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ment-fixalion reaction which is almost always 
associated with si-philis. If it is a specific 
antibody, its absence in all cases of active 
rheumatoid spondylitis without peripheral 
joint involvement and in psoriatic arthritis is 
suggestive of different etiologies. The modi- 
fied test, by eliminating the natural ambo- 
ceptor and by more closely reflecting the titer 
of the rheumatoid arthritis factor, is more 
sensitive than the original hemagglutination 
test. A comparison of the 3 tests employed 
indicates that a significantly higher incidence 
of positive reactions can be obtained by this 
procedure. 

Summary. 1. The hemaggutination test for 
rheumatoid arthritis is modified bi' the selec- 
tive absorption of non-specific factors. The 
details of this modification are described. 

2. Of 39 cases with active peripheral rheu- 
matoid arthritis with x-ray evidence of joint 
changes, 35 were positive by this test. 

3. All cases of inactive peripheral rheuma- 
toid arthritis, rheumatoid spondylitis without 


peripheral joint involvement and psoriatic 
arthritis tested were negative. 

4. In presumptive cases of early rheuma- 
toid arthritis without x-ray evidence of joint 
changes, the test was negative. 

5. In 67 control cases, including a variety 
of non-rheumatoid arthropathies, the test was 
negative except in two cases of infectious he- 
patitis. 

6. The modified test was positive in 90% 
of the proven cases of active peripheral rheu- 
matoid arthritis tested; the Rose test in 
61%; the streptococcus agglutination test in 
58%. In all cases in which the modified test 
was negative, the Rose test and the streptococ- 
cus agglutination test were also negative. 

The authors express their tliauhs to Dr. K. 
Schumaii, Miss E. C. Arrowsmitli. and Mr. O. 
Vasquez of the Clinical Laboratory Service for 
technical assistance. 
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Methyl Alcohol Purification of the Rabbit Papilloma Virus.*t (17421) 

Robert G. FischerX (Introduced by J. T. Siwerton) 

From the Department oj Bacteriology, School of Medicine, University of Minnesota, Minneapolis. 


Rabbit papillomatosis is an endemic virus 
disease of cottontail rabbits readily transmis- 
sible to domestic rabbits. Serum from infec- 
ted cottontail and domestic rabbits contains 
antibody which is capable of neutralizing the 
virus ill vifro.^ The virus can be obtained 
easily from cottontail rabbit papillomas, but 
ordinarily it is not recoverable from domestic 
rabbit growths. 

The demonstration that extravasated fluid 

* This invcstigatimi was supported by a grant 
from tlic .Viiicrican Caiiccv Socictv. on recom- 
mendation of the Committoc on Growth, National 
Rosea ri h Gouni-il. 

i From the Department of Bacteriology, ,«ehool 
of Medicine, University of Minnesota, Minneapolis. 

; I’resent address: Dep:irtmcnt of B;ieterioIogr-, 
School of Medicine, University of North Dakota! 
Grand Forks. ’ 

1 Shope, R. E., .and Hurst, E. W.. Ea-o. .Vcd. 
1033, ."8. 007. * ’’ 


from large confluent cottontail papillomatous 
growths was effective in neutralizing active 
virus led Kidd- to suggest that the neutraliz- 
ing principle represented antibody derived 
through escape from altered capillaries. Kidd- 
found no evidence of such “masking” in 
naturally occurring papillomas of cottontail 
rabbits. 

When Kidd- obtained no \nrus from the 
growths of 8 of 1 1 domestic rabbits and little 
from the other 3, and found that the sera of 
the 11 rabbits had little or no neutralizing 
capacity, he concluded that it was improbable 
that antibody was primarily responsible for 
the masking of the virus in the growths pro- 
duced in domestic rabbits. 

The method developed by Cox. van der 
Scheer, Alston and BohneF for the purification 
and concentration of influenza and other 

Kidd, J. G.. J. Ejrp. Med., l'>39, ToTHss! 
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viruses by employing organic solvents at low 
temperatures to precipitate virus proteins led 
us to explore this technic in our -efforts to 
characterize the agent responsible for the 
masking of the papilloma virus. Accordingly, 
experiments were designed to isolate the virus 
of infectious rabbit papillomatosis by precipi- 
tation (a) from crude tissue suspensions de- 
rived, from naturally occurring cottontail 
papillomas, (b) from a suspension of virus 
artificially “masked” as the result of specific 
neutralization in vitro, and (c) from tissue 
suspensions derived from virus-induced do- 
mestic rabbit papillomas. 

It is the purpose of this paper to report 
the results of our findings. 

Methyl Alcohol Purification of Cottontail 
Papilloma Tissue. Four grams of cottontail 
papilloma tissue were ground with sand in a 
mortar to yield a 20% suspension in saline. 
After centrifugation in an angle centrifuge 
at 5,000 r.p.m. for thirty minutes at 4°C, the 
supernatant fluid was withdrawn. Ten ml 
of ether were added to 20 ml of the super- 
natant material. The mixture was shaken 
and centrifuged at 5,000 r.p.m. for 30 minutes 
at 4°C. After withdrawal of the lipid layer 
the remaining ether was removed in vacuo. 
The suspension was frozen rapidly at -20°C, 
thawed at room temperature, and centrifuged 
at 2,500 r.p.m. for 30 minutes at 4‘’C. The 
supernatant w-as drawn off, diluted to 200 
ml with 0.1 IM phosphate buffer, pH 7, cooled 
in a dry ice bath, and absolute methji 
alcohol at -40°C was added drop by drop by 
means of a capillarr^ pipette with constant 
stirring until the alcohol concentration reached 
25%. The suspension was then kept in an 
ice bath for one hour at -2°C to allows time 
for the formation of the precipitate. The 
material was centrifuged at 5,000 r.p.m. for 
30 minutes at 4°C. The alcohol was decanted 
and the precipitate washed with .02 M phos- 
phate buffer, pH 5.1, to remove more non- 
riral protein. The addition of 4 ml of phos- 
phate buffer, pH 7.0, to the resultant precipi- 
tate made available papilloma virus m a sus- 
pension of which 1 ml was equivalent to 1 gm 


a Co.K, n. I?., v.in (Icr Sdiccr. 

Bnlniol, E.. -E IvmuMl. lOt., 


.T., Alston, S., ami 
SO, HP. 


of tissue. After elution for 15 minutes, the 
suspension w'as frozen, thawed, and centri- 
fuged at 2,500 r.p.m. for 30 minutes. The 
final water-clear supernatant fluid was kept in 
storage at -20°C until used. 

Tests for the_Prescncc of Virus in Purified 
Material. The purified viral suspension was 
diluted so as to have 8 successive two-fold 
dilutions ranging from 1-10 to 1-5120 to test 
for infectivity by transfer to domestic rabbits. 
Each dilution was inoculated in triplicate by 
the application of 0.2 ml by crosshatch scarifi- 
cation to previously shaved areas of skin on 
3 rabbits. The results as observ'ed 4 weeks 
later are recorded in Table I. 

For control purposes to learn the infectious 
titer of the papillomatous tissue which was em- 
ployed for methanol precipitative purification, 
infectivity tests in triplicate of the non-puri- 
fied virus suspension in dilutions of from 1-10 
to 1-6400 were carried out. Papillomatous 
growths were present 4 weeks later at all 
sites of inoculation. 

It appears from these results that virus was 
lost in the process of purification, since the 
limiting dilution for infectivity of the purified 
virus was found to be 1-2560, whereas an end 
point was reached for the control material in 
a dilution of 1-6400. 

These findings were established when the 
same technic for purification, concentration 
and biologic testing of 5 additional samples of 
cottontail papilloma tissue that had been col- 
lected between 1938 and 1944 yielded similar 
results. In each instance the purified -virus 
suspension produced growths in dilutions 
through 1-2560 and the control virus sus- 
pensions yielded tumors in slightly higher 
dilutions, in most cases 1-6400. 

Methyl .‘ilcohol Purification of N cutralhcd 
Papilloma Virus. Cottontail papilloma tissue 
that had been stored in 50% glycerin at 4'’C 
was ground to a fine paste in a mortar, .and 
saline was added to make a 20% suspension. 
This was centrifuged at 2,000 r.p.m. for 20 
minutes, and the supernatant material re- 
moved. Blood was drawn by cardiac puncture 
from a domestic rabbit which had borne 
several large papillomatous growths for about 
3 months, and the senim was separaterl by 
centrifugation. Ten ml of serum was added to 
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TABLE I. 

Gro^vtbs Produced with Purified Virus. 


Babbit 




Becjproe.il of dilution 



10 

40 

160 

320 

G40 

1280 

2560 

512o' 

1 

+ 

4* 

-i. 

t 

-f- 

4" 

4- 

-f 

— 

2 

a. 

4- 

+ 

) 

4* 

' k 

-F 

— 

3 

+ 

4- 


-1- 

. + 

4" 

4“ 

— 


(+) VisiWe papillonuitous growth. 
( — ) No risible growth. 


an equal volume of the 20% riral suspension. 
The mixture was incubat^ at 37°C for one 
hour followed by refrigeration at 4°C over- 
night. For control purposes a 20% suspension 
of unneutralized virus was treated in the 
same manner. Following the incubation and 
refrigeration, 20 ml of the neutralized virus 
were subjected to the methanol purification 
procedure described previously. Four ml of 
phosphate buffer, pH 7.0, was added to the 
final precipitate. This suspension was allowed 
to elute for 15 minutes, frozen, thawed, and 
centrifuged at 2,500 r.p.m. for 30 minutes. 
The final supernatant represented the test 
inoculum. Three normal rabbits were pre- 
pared for inoculation by shaving and lightly 
scarifying 3 dermal areas. Each rabbit was 
then inoculated by cross-hatch scarification 
with the methyl alcohol purified neutralized 
virus in 0.2 ml amounts, and with control sus- 
pensions of neutralized virus and of crude 
virus. The control suspension had been 
carried through the same incubation and re- 
frigeration procedures as the methyl alcohol 
purified material. .After an incubation period 
of 5 weeks the rabbits were e.vamined for 
signs of papillomatous growth. Xo growth 
appeared on any of the areas inoculated with 
the neutralized virus or with the methyl 
alcohol purified neutralized virus. Control in- 
oculations of virus alone resulted in con- 
fluent papillomatosis. 

The results indicated that methanol purifica- 
tion was ineffective for the separation of infec- 
tive virus from the virus-antibody combin- 
ation. since no visible papillomatous growths 
appeared in 6 rabbits after inoculation with 
the purified material. Three additional e.v- 
periments failed to show that the virus could 
be extracted from the combination. 

Methyl Alcohol Piirifcation of Domestic 


Rabbit Papilloma Tissue. Papilloma tissue 
was removed surgically from pure-bred Dutch 
domestic rabbits which had borne the grovrths 
for 6 weeks or more. The tissue was triturated 
with sand in saline to make a 20% suspension. 
This material was centrifuged at 5,000 r.p.m. 
for 30 minutes at 4°C. The supernatant ma- 
terial was dranm off and subjected to the 
same meth}'! alcohol purification procedure 
as was used on the cottontail papilloma tissue. 
.A precipitate was obtained similar to that ob- 
tained with the purified cottontail papilloma 
tissue. Four areas on the ears and flanks of 
4 normal pure-bred Dutch rabbits were inocu- 
lated by scarification with the purified ma- 
terial. The rabbits were e.xamined for signs 
of growth at weekly inten'als following the 
inoculation. 

When no growths resulted on any of the 
rabbits inoculated over a 12-week period, it 
was concluded that the domestic papilloma- 
tous growths following treatment b\- the 
methanol technic for purification yielded in- 
sufficient active virus to cause risible papillo- 
matous growths. Further attempts w'ere made 
to extract virus from 4 samples of domestic 
papilloma tissue from rabbits which had borne 
the growths from 3 to 15 weeks. In no case 
was an\' demonstrable virus obtained. 

Summary. The methanol precipitative 
technic of Cox, et al., when applied to the 
purification and concentration of papilloma 
virus from naturalh' occurring cottontail rab- 
bit papillomas, domestic rabbit papillomas 
and neutral virus-antibody mixtures readily 
yielded active papilloma virus from the cot- 
tontail papillomas but it did not yield virus 
from either domestic rabbit papillomas or 
from papilloma virus and its antibody in neu- 
tral mixture. 

Rwivfd August 12. lOin, P.S.E.B.M., 10-50. 72. 
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Ineffectiveness of Racemic Glyceric Aldehyde in the Prevention of Experi- 
mental Tooth Decay. (17422) 

James H. Shaw 

From the Harvard School oj Denial Medicine and Department oj Ntdridon, Harvard School oj 

Public Health, Boston, Ma's. 


The Striking ability of racemic glyceric 
aldehyde to inhibit acid production bj^ the 
oral flora during the incubation of saliva was 
demonstrated in the experiments of Fosdick 
and Calandra.^ This observation suggested 
the need to investigate the ability of dl- 
glyceric aldehyde to influence the initiation 
and development of carious lesions in experi- 
mental animals of known caries-susceptibility. 
In an earlier series of e.xperiments conducted 
in this laboratory, additions of 0.5%, 1.0% 
and 2.0% crystalline racemic glyceric alde- 
hyde to the caries-producing purified ration 
throughout the experimental period had no 
effect on the dental caries incidence of white 
rats and cotton rats.- In the above tests, the 
glyceraldehyde was present in the ration in 
the dimeric form and, presumably, passed 
through the oral cavity largely, if not entirely, 
as the dimer. Since the glyceraldehyde used 
in the experiments of Fosdick and Calandra 
was in solution, where some dissociation of 
the dimer to the monomer might have occur- 
red, experiments with caries-susceptible 
animals were undertaken to determine if 
racemic glyceraldehyde given throughout the 
experimental period as the monomer influ- 
enced the dental caries experience. 

Experimental. Six litters of white rats 
were used as the subjects of the first experi- 
ment. These animals w’ere born to females 
which had been maintained throughout their 
reproductive lives on purified ration 100.” 
Previous litters from the same females had 
had a high caries-susceptibility. The 35 wean- 
ling rats from these litters were distributed 
into 3 groups. The 12 rats in the first group 
were fed ration 100 plus 10% Cellu flour and 
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allowed to drink tap water. The second group 
of 9 rats was offered the above ration sup- 
plemented with 0.5% crj'StalHne dl-glyceric 
aldehyde and drank tap water. The third 
group of 14 rats was fed ration 100 plus 
10% Cellu flour and was only allowed to 
drink tap water to which 0.2% dl-glyceric al- 
dehyde had been added. 

In the second e.xperiment a litter of 6 
weanling cotton rats was divided into 2 equal 
groups. The cotton rats in the first group 
served as controls and were offered ration 
100 plus 10% Cellu flour and tap water; those 
in the second group were fed the same ration 
■but 0.2% dl-glyceric aldehyde was incorpor- 
ated into the drinking water. 

In both experiments, food and drinking 
water were provided ad libitum and the rod- 
ents were housed in individual screen bottom 
cages. The dl-glyceric aldehyde solution was 
prepared sufficiently in advance of its use 
to permit dissociation of the dimer to the 
monomer. Tap -svater and the 0.2% solution 
of glyceraldehyde were offered to the animals 
in identical watering bottles. The 0.2% 
level of dl-glyceric aldehyde in the drinking 
4vater was selected on the basis of a com- 
parison between the average food and water 
consumptions of these rodents. This value 
permitted the consumption of approximately 
the same amount of glyceraldehyde as the 
0.5% supplement to the purified ration. 

The first experiment was terminated at the 
end of 20 weeks and the second e.xperiment at 
the end of 14 weeks. After fixation of the 
skulls in 95% ethanol, the molar teeth were 
examined to determine the number and size 
of the carious lesions. 

Results. The average rates of growth of 
the white rats and cotton rats fed dl-glyceric 
aldehyde either in the ration or in the drink- 
ing water were the same as the average rates 
of growth of comparable control animals. 
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There was no evidence of a toxic effect of the 
glyceraldehyde additions. 

The average caries experiences of the groups 
of white rats and cotton rats fed racemic gly- 
ceric aldehyde in the ration or in the drinking 
water, and of comparable control groups are 
presented in Table I. In the white rat, the 
consumption of a purified caries-producing 
ration supplemented with 0.5% of dl-glyceric 
aldehyde in the dimeric form did not influence 
the average number of carious molars, the 
average number of carious lesions, nor the 
average extent of tooth substance affected by 
the carious processes. Likewise, the consump- 
tion of water containing 0.2% dl-glyceric al- 
dehyde as the monomer throughout the ex- 
perimental period of maintenance on the puri- 
fied ration did not alter the caries experience 
of both species. 

Discussion. The results of the above ex- 
periments and of those reported previously- 
indicate the inability of racemic glyceric alde- 
hyde, as the dimer or as the monomer, to 
alter the initiation and rate of development of 
carious lesions in experimental animals main- 
tained under .the conditions of these studies. 
These observations are in contrast to those 
which indicated the strong ability of glyceric 
aldehyde to inhibit acid production in incu- 
bated saliva. For a number of years, dental 
investigators in several laboratories have sug- 
gested that compounds which were able to in- 


hibit acid production in incubated saliva or in 
incubated cultures of Lactobacillus acidophilus 
would have a similar inhibitory effect on the 
initiation and development of tooth decay in 
experimental animals and human beings. In 
view of ithe divergent results between in vitro 
studies and animal experiments with racemic 
glyceric aldehyde, the above generalization 
does not appear to be valid. Careful examina- 
tion of suggestive in vitro findings by suit- 
able in vivo procedures with caries-susceptible 
laboratory animals and later with human sub- 
jects is necessary to establish the e.xact value 
of any compound or treatment for caries pre- 
vention. The striking gross and histologic 
similarity between e.xperimentally produced 
carious lesions in the Nonvay rat‘ and in the 
cotton rat" to the naturally occurring lesions 
in human teeth is indicative of the validity 
of these two species for the evaluation of 
in vitro inhibitors prior to clinical application. 

Summary. The addition of 0.5% of dl- 
glyceric aldehyde to a caries-producing ration 
or of 0.2% dl-glyceric acid to the drinking 
water did not reduce the initiation nor the 
rate of development of carious lesions in car- 
ies-susceptible white rats and cotton rats. 

■> Sognnacs, R. P., J. Xutrition, 30, 1. 

•'Sliaw, J. H., J. Xiitrilion, 1949, 38, 275. 
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Symbiotic Growth of Pleuropneumonia-like Organisms with Bacterial 

Colonies. (17423) 

Harry E. Morton, Paul F. Smith,* and Paul R. Leber.man (Introduced by 

Stuart Mudd) 

From the Department oj Bacteriology. University of Pennsylvania, School of .Hrdichic, and Depart- 
ment of Urology, University Hospital, P,.ilttdclphh. 


A SiTubiotic relationship among bacteria 
was first described by. Grassberger.^ He ob- 
served that in the vicinity of colonies of vari- 
es bacteria, particularly Staphylococcus aur- 
eus, Hcmoph'ihts inftucncac 


"Tjn^rLal, oratories Foliow iu nacteriology. 
1 GrassUerger, R., /t. {. //.V.'J., lS9i, —>. -l.iS. 


colonies on blood agar. It is now urJl known 
that the staphidococci .synthesize necessary 
growtli factors required by Jlcmophilus influ- 
enzae which are not contained in the medium. 

A similar symbiotic relationship ha.‘; been 
observed with the pleuro pneumonia-like or- 
ganisms (PPLO). In the course of our work 
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PPLO colonics, strain Xo. 17 from cervical secretion, gron-ing 
under Staphylococcus albus. When the agar block containing the 
staidiylococeal and PPLO colonies was stained by the method of 
Dienes, the entire bacterial growth took the blue due. After a 
short time the staphylococcal colonies reduced the dye leaving the 
intensely stained PPLO colonies as distinct islands. 130 x . 


with these organisms a gram-positive coccus 
occurred as a contaminant on a beef heart 
infusion agar plate (without ascitic fluid) 
which had been inoculated with the PPLO. The 
PPLO were noticed directly underneath the 
bacterial colonies. The gram-positive cocci 
were identified as Staphylococcus albus. .\a 
attempt was then made to determine whether 
this phenomenon would occur with other 
PPLO strains, many' of which had been iso- 
lated from clinical sources. The PPLO were 
never observed to grow on heart infusion agar 
medium containing Bacto-beef heart 5.0%, 
Bacto-peptone 1.0%, XaCl 0.5%, and agar 
1.5% unless ascitic fluid or blood serum was 
added. The entire areas of beef heart in- 
fusion agar plates without ascitic fluid were 
inoculated with the different strains of PPLO 
by streaking the surfaces with agar blocks 
containing the L Upe colonies. Inoculation 
of the staphylococci was accomplished by mak- 
ing one streak across each of the plates after 
the inoculation with PPLO. .After five days 
incubation aerobically at 37'C nine of four- 


teen strains from human sources and one 
strain from a rat grew underneath the staphy- 
lococcal colonies. In the isolated areas where 
there were no staphylococcal colonies the 
PPLO did not grow. This experiment was 
repeated using a strain of Protais vulgaris. 
.All 15 strains of the PPLO grew and, as was 
the case with the staphylococcus, only under- 
neath the bacterial colonies. In neither case 
were any structures similar to the L Upe 
colonies obsen'ed in growths of the S. albus 
and P. vulgaris on the medium which was not 
inoculated with PPLO. 

The colonies of PPLO were detected by di- 
rect microscopic examination of the plates at a 
magnification of approximately lOOX. Their 
identity was verified by cutting out blocks of 
agar and staining the growths by the method 
of Dienes. Photographs of two stained prep- 
arations are reproduced as Fig. 1 and 2. 

This report is made for possible usefulness 
to those interested in cultivating the PPLO 
from clinical materials or to those interested 
in the metabolism of this little-understood 
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There was no evidence of a toxic effect of the 
glyceraldehyde additions. . 

The average caries experiences of the groups 
of white rats and cotton rats fed racemic gty- 
ceric aldehyde in the. ration or in the drinking 
water, and of comparable control groups are 
presented in Table I. In the white rat, the 
consumption of a purified caries-producing 
ration supplemented with 0.5% of dl-gtyceric 
aldehyde in the dimeric form did not influence 
the average number of carious molars, the 
average number of carious lesions, nor the 
average extent of tooth substance affected bj^ 
the carious processes. Likewise, the consump- 
tion of water containing 0.2% dl-glyceric al- 
dehyde as the monomer throughout the ex- 
perimental period of maintenance on the puri- 
fied ration did not alter the caries e.xperience 
of both species. 

Discussion. The results of the above ex- 
periments and of those reported previously- 
indicate the inability of racemic glyceric alde- 
hyde, as the dimer or as the monomer, to 
alter the initiation and rate of development of 
carious lesions in e.xperimental animals main- 
tained under .the conditions of these studies. 
These observations are in contrast to those 
which indicated the strong ability of glyceric 
aldehyde to inhibit acid production in incu- 
bated saliva. For a number of years, dental 
investigators in several laboratories have sug- 
gested that compounds which were able to in- 


hibit acid production in incubated saliva or in 
incubated cultures of Lactobacillus acidophilus 
would have a similar inhibitory effect on the 
initiation and development of tooth decay in 
experimental animals and human beings. In 
view of the divergent results between in vitro 
studies and animal e.vperiments with racemic 
gl3meric aldehj^de, the above generalization 
does not appear to be valid. Careful examina- 
tion of suggestive in vitro findings by suit- 
able in vivo procedures with caries-susceptible 
laboratory animals and later with human sub- 
jects is necessary to establish the exact value 
of any compound or treatment for caries pre- 
vention. The striking gross and histologic 
similarity between e.xperimentally produced 
carious lesions in the Nonvay rat* and in the 
cotton rat® to the naturally occurring lesions 
in human teeth is indicative of the validity 
of these two species for the evaluation of 
in vitro inhibitors prior to clinical application. 

Summary. The addition of 0.5% of dl- 
glyceric aldehyde to a caries-producing ration 
or of 0.2% dl-glyceric add to the drinking 
water did not reduce the initiation nor the 
rate of development of carious lesions in car- 
ies-susceptible white rats and cotton rats. 

■* Sognniics, R, P., J. Nutrition, 1048, SO, 1. 

ssiiaw, J. H., J . Xntrition , 1940, 38, 275 . 
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A symbiotic relationship among bacteria 
vas first described by. Grassberger.i He ob- 
served that in the vicinity of colonies of vari- 
,us bacteria, particularly Staphylococcus aur- 
:us, Hemophilus influenzae grew a s satelhte 
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colonies on blood agar. It is now well known 
that the staph.vlococci synthesize nece-^sarj’ 
growth factors required b\' Hemophilus influ- 
enzae which are not contained in the medium. 

A similar sy’mbiotic reiation.ship has been 
observed with the pleuro pneumonia-like or- 
ganisms (PPLO). In the cnur.se of our work 
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studying tn-ptase-antitryptase systems. The 
fibrinogenolytic method for measuring blood 
proteases and protease inhibitors, as first sug- 
gested by Ferguson,® or in somewhat modified 
form.''® has proven especially useful. These 
procedures, however, leave something to be 
desired for routine tests on a large scale. 

The need for a truly' simple, quantitative 
technic for accurate titration of the changes in 
the protease inhibitor titers of body' fluids 
associated with various physiologic and patho- 
logic states, and particularly' in connection 
with allergic phenomena, has been obvious for 
a long time. The concept that hypersensi- 
tivity reactions are caused primarily fay to.vic 
products formed, or released, when the natural 
proteases are suddenly' activated following 
antigen-antibody union, was originally ex- 
! pressed many years ago, as was also the cor- 
■ related idea that allergic reactions are con- 
trolled by the action of protease inhibitors.*®'*" 
Until recently very* little precise data in direct 
support of this \’iew has been published, how- 
ever, The importance of supplying such data 
on an adequate scale led one of us some 
years ago to attempt development of a quanti- 
tative procedure for antitrypsin titration 
especially suitable for use fay' immunolo- 
gists.* ''*-' The method was based upon the 
fact that when properly prepared photographic 

■^Glaztio, A, S., J. Ctin, Invest., 19-17, 30, 3G4. 
SSIilstono, J. n,, Science, 1917, 100, 540. 
Ferguson, J. 11,, Pboc. Soc. Exp. Bioc. .\kd 
JfrD., 1943, 52, 243. 

7 Ferguson. J. H., Tnivis, B. L., and Geriieim, 
E. B., Pnoc. Sot. Exp. Biol, akd Meo., 1947, 64, 
2S5. 

S Christensen, L. It., J. Clin. Invcsl., 1949, 28, 
1C3. 

Dotviiie. G. Jl., .'ind ClilTton, E. E,, Pkoc. Soc. 
Exp. Biol, akd Med., 1949, 71, 13S. 

ID Bronfenbrciincr, J., Peoc. Soc. Exp. Biol. 
•W.-D Med.. 191.7-10, 13, 42. 

11 Bronfiiibrcnner, J., .and Scdiiesinger, M. J., 
J. Immimnl, 1918. 3. 321. 

w Jlusrn.val:, S., DcutscU. mc/J. Wchmehr., 1912 
38, IGS. 

1.1 Burden. K. I.., and EalTcrtv, C.. Pnoc. Soc. 
Exp. Biol. .i.kd Mm, 1930, 34, 787, 

H Burden. K. B., J. JJact,, 1941, 41, 02. 

LI Burden, K. h., Peoc. .Soc. Exp. Biol, .axd 
.Med.. 1942, 40, 24. 


film is brought into contact with solutions of 
active trypsin the gelatin is digested, releas- 
ing the silver and clearing the film to a de- 
gree proportional to the activity of the trypsin. 
WTien digestion is complete the originally 
opaque, black film becomes completely trans- 
parent. 

The present paper outlines the vastly im- 
proved technic for the performance of this 
film-gelatin-digestion method developed dur- 
ing the past two years, 

Rca gents. 1. Stock bnficr solution pH 73 
is made by mi.\'ing 1.3 parts of M/20 sodium 
borate (19.1 grams Na2B40;:10 H;0 per 
liter of distilled water) with S.7 parts of M/5 
boric acid-salt solution (12.4 grams H3BO3 
and 2.9 g NaCJ per liter of distilled water). 
This reagent is used for all dilutions of tryp- 
sin and of sera or other fluids under test. 

2, M/J sodium borate solution (76.3 grams 
Xa2B4:10 H2O per liter of distilled water) 
is kept in a sealed bottle in a 37'C incubator, 

3, Stork crystalline trypsin solution (CT) 
is prepared by dissolving 0,3 g of commercial 
crystalline trypsin f in 100 ml of a gh'cerin- 
bufier mixture consisting of equal volumes of 
stock buffer solution and C.P. glycerine: the 
pH is about 4.4. It is stored in a sterile, 
chemically clean, screiv-top bottle at 4-10''C. 
Freshly-made solutions are allowed to stand 
undisturbed in the refrigerator 24 hours be- 
fore use. (.-^ precipitate appearing at this 
time is removed by filtering through paper.) 
The effect of the glycerine and the low pH 
is to stabilize the enzyme*® so that the proteo- 
lytic activity of the solution remains un- 
changed for many months. 

4, Working trypsin solution (WT) is made 
by mixing one part of slock trypsin solution 
with two parts of the M/5 sodium borate 
solution (Reagent 2). This reduces the 
concentration of trypsin to 0.1% (1 mg/ral) 
and the pH is brou^t to 6.S. It is practicable 
to make up this reagent in a volume of 100 
ml or more. Freshly made solutions are 
allowed to stand undisturbed in the refrigera- 
tor for 24 hours before use. When stored in 

t 'Wortliington Bioclicmicat Laboratory, Free- 
hold. X. J.. or Armour Luiwmtijriiys, Clhcnpo, HL 

wEardon. K. L., .Seu-ncr, 1941, 33, 91. 
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Pig. 2. 

PPLO colonics, strain No. 36 from prostatic secretion, growing under Proteus vulffaris. 
When an agar hloek containing the grmvtli of the two types of organisms was stained ns 
dcserihed for Pig. 1 tlic PPLO colonics, with this strain, appeared as small darkly stained areas. 


group of microorganisms. 

Summary. Nine of 14 strains of PPLO of 
human origin and one strain of rat origin were 
obsen'ed to grow on beef heart infusion agar 
without ascitic fluid or serum only in sym- 


biosis with Staphylococcus albiis and all IS 
strains grew in sjunbiosis with Proteus vul- 
garis. 

Received August 16, 1949. I’.S.E.R.M., 1949, <—■ 
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In recent years the interest of an increasing 
number of investigators in the mechanism of 
fibrinolvsisi and related phenomena, and es- 
peciallv in the role playe d by the activators 

United St.-itcs Public Ilenlth • enu . 


and inhibitors of natural plasma proteases in 
the complicated process of blood coagula- 
tion,-''”’ lias led to improved procedures for 

^Tciwmtciiscn. L. R., J. «rn. Physiol., 1946, 2«, 
363. 

a Ferguson, .T. IL. Pcirucr, 1943, f>T, 139. 

X T.ngiion, H. .1.. J- Toh. am! Clin. .Hed., 1942-43, 

27, 1119. 
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other fluid under test. 

All dilutions are made Mitii the stock buf- 
fer solution in chemically clean glassware, 
using plugged. 1 ml serological pipettes. The 
tripsin control dilutions have a pH of 7.5 
and succeeding tubes in any part of the test 
series differ in hydrogen ion concentration by 
only about 0.01 pH. 

These dilutions gradually lose activity at 
room temperatures, especially at temperatures 
over 85‘ F., but the same set of solutions may 
be used throughout a working day if the 
tubes are kept in a pan of ice water, or if 
they are placed in the refrigerator except when 
actually being used.5 

3. Prdhttimry adjustment oj the incubalioti 
time. X new working tripsin solution is first 
titrated in dilutions 1 to 7 under the stand- 
ardized conditions of the test proper, as out- 
lined below, except that the digestion incuba- 
tion time in the 40'C water bath is varied in 
successive runs until the time required to give 
the end-point regularly with dilution Xo. 3 
(Table I) is determined. The tube made up 
iiith dilution No. 5, plus an equal volume of 
stock buffer, will thus have, as intended, just 
one unit of tryptic acthity, i.e. it will contain 
the amount of WT just sufficient to digest 
all the gelatin (clear the film completely) in 
a certain time at 40'C. It will be seen 
(Table I) that the final concentration of 
cri'stalline tripsin in this end-point tube is 
0.05 mg 'ml.' The time required with the 
present lot of film used by the writers is 
6J4 minutes. 

First tests are commonly run at times dif- 
fering by half-minute time intenmls, then by 
quarter-minutes and finalli* by one-eighth 
minutes. The incubation time, once chosen 
on the basis of these tests, is kept constant 
throughout all future tests with that lot of 
working tripsin solution, and indeed, rarely 
requires any adjustment so long as the same 

^ The stability of the rengcats anti the effects 
of various other factors upon the v.alidity of the 
tests have been experimentally studied, and find- 
ings will be reported in a separate communication. 

I The fact that tlic powdered commercial crystal- 
line trypsin contains approximately 507^ MgS 04 
is disregardctl. 


stock tripsin solution is used. Thus, strictli' 
comparable titrations can be obtained in 
separate runs carried out weeks or months 
apart. 

4. The test proper, a. Ordinary serological 
tubes (12 X 75 mm) are arranged in a water 
bath rack. Using a separate, plugged 1.0 ml 
pipette for each dilution. 0.4 ml of dilutions 
3, 4, and 5 of the working tripsin solution is 
introduced into a series of 3 tubes that are 
to sen-e as tripsin controls, and 0.4 ml of 
other appropriate dilutions is placed in a 
further series of 6 or S additional tubes. Xow, 
0.4 ml of the stock buffer solution is added 
to each of the control tubes, and 0.4 ml of 
the diluted serum, or other fluid under test, 
to each of the remaining tubes. The rack is 
now shaken, as in a Kahn test, for one-half 
minute, then placed in a 40‘C water bathf 
with a timer set for 10 minutes. 

b. The filmstrips are now obtained from 
their jar in the refrigerator and arranged in 
parallel rows on some convenient holder (such 
as a small slide-box lid) so that they can be 
more readily picked up one by one with for- 
ceps. 

c. .At the end of the warming period the 
intenal timer is carefully reset for the test 
incubation time, e.g. 6J4 minutes. The timer 
is started and the introduction of the film- 
strips into the test tubes (still in the water 
bath) is begun immediately. The strips are 
added one by one in a definite order, and fol- 
lowing a rhythmic time pattern which must 
be perfected by practice. 

d. The fixing solution and equipment are 
now obtained from the refrigerator. Some 
of the solution is poured into a 600 ml beaker 
and heaiy-walled capillary pipettes with large 
rubber bulbs attached are filled with it. 

c. When the timer rings the rack is removed 
immediately from the water bath, and then, 
without delay, the cold fixing solution is added 
to each tube in the same order, and following 
the same time pattern in which the filmstrips 
were originally introduced. The fixing solu- 

result? Imve been obtained by the n«e of 
an Army-type electric water bath (Ctiicago Sur- 
gical and Electrical Co. i witb feparnte gable 
cover over each rack. 
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TABLE I. 

Selicme for Dilution of Working Trypsin Solution. 


Trypsin cone., 
mg/ ml 


Dilution ' 
No. 

Working ti'rpsin, 
ml* 

Buffer, 

ml* 

t 

In dilution 

\ 

Finalt 

Trvptic units 
(TD) 

1 

.4 

7.6 

.05 

.025 

.5 

2 

.5 

7.5 

.063 

.031 

.62 

3 

.0 

7.4 

.075 

.037 

.75 

4 

.7 

7.3 

.087 

.044 

.87 

5 

.8 

7.2 

.1 

.05 

1.0 

6 

.9 

7.1 

.113 

.056 

1.12 

7 

1.0 

7.0 

.125 

.002 

1.25 

8 

1.1 

G.9 

.138 

.069 

1.37 

9 

1.2 

6.8 

.15 

,075 

1.5 

10 

1.3 

6.7 

.363 

.081 

1.62 

11 

1.4 

6.6 

.175 

.087 

1.75 

12 

1.5 

6.5 

.188 

.094 

1.87 

13 

l.G 

6.4 


.1 

2.0 

14 

1.7 

6.3 

!213 

.106 

O JO 

15 

1.8 

6.2 

.225 

.112 

2.25 

16 

1.9 

6.1 

.238 

.119 

2.37 

17 

2.0 

6.0 

.25 

.125 

2.5 

18 

2.1 

5.9 

.263 

.131 

2.02 

19 

2.2 

5.8 

.275 

.137 

2.75 

20 

2.3 

5.7 

.288 

.144 

2.87 

21 

2.4 

5,6 

.3 

.15 

3.0 


* The amounts required to make up a total volume of 8.0 ml are shoum because this is often 
a convenient quantity for routine tests. 

i After mixture •with equal volume of buffer, or diluted specimen, as in the test proper. 


Sterile, chemically clean screw-top bottles at 
d-lO'C the tij^itic activity remains constant 
for at least 6 months. 

5, The fixing solution consists of 9S% ethyl 
alcohol to which 10% by volume of 28% 
glacial acetic acid is added. 

6. The filmstrips are cut from the special 
film prepared to our specifications by the 
liastman Kodak Company.! The film is a 
duplitized, 3S mm cine-film, flashed on both 
sides to a density of 1.0, so that it has a total 
density of about 2.0. Both the density and 
the hardness of tlie emulsion are uniform 
throughout. The reels of stock film are kept 
at all times in tightly sealed cans in the re- 
fri'^erator. A supply of strips is made, when 
needed, by cutting the film crosswse into 
pieces inch wde with a small paper cutter. 

■ I'jie ^idth of the strips need not be exact. 
About 34 inch from the end each strip is bent 


.sincere appreei.ifiou to 
nr Burt H Carroll of the Bcscarcl. Labor.-.torics, 
d Jtr W F. Swann of tbe ludustri.al Pboto- 
'"Lv./calcs Division for tl.cir generous coopcr.-i- 
Sn in P.e development and production of this 
essential material.- 


upward at nearly a right angle to make it 
easier to grasp with forceps. In handling the 
film it is important to avoid finger marks, and 
exposure to heat or dust. The newly-cut 
strips are transferred at once to clean, screw- 
top jars or tubes, and thus kept carefully 
sealed in the refrigerator until actually used in 
a test. 

1. Trypsin Dilution Method. 1. Initial dilu- 
tion oj the scrum or other fluid to be tested. 
The majorit}' of specimens of normal human, 
rabbit, or guinea pig sera will give end-points 
in a convenient range when they are diluted 
originally with stock buffer 1:50. For some 
high-titer sera, or other fluids, it may be 
found desirable to use a different initial dilu- 
tion (c.g. 1:100). In any series of compara- 
tive tests all specimens should be titrated at 
the same initial dilution. 

2. Dilutions oj the working trypsin solution. 
For the trypsin control tubes in routine tests 
it is necessary to prepare only dilutions 3, 4, 
and 5 (Table I). For the test mixtures a 
series of six or eight additional dilutions are 
usually made through a range likely to give 
end-points in the presence of the serum or 
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ing figures for undiluted specimens H-105, 
G.P. No. 27 normal, and tuberculous (Fig. 2) 
are 8.75, 5.0, and 10 mg/ml respectively. 

Again, the antitiy^ptic effect maj’’ be com- 
pared with that exhibited by a chemically 
purified material, such as commercial crystal- 
line soybean tr\-psin inhibitor (CSBI).l We 
have found that one TL (i.c. a working triT*- 
sin solution which in final dilution contains 
0.05 mg/ml CT) is completely inhibited by 
onl\' 0.0167 mg/ml CSBI, or a propor- 
tion of inhibitor to trj-psin of 1:3, and that 
partial inhibition continues so long as the 
final concentration of CSBI is not less than 
one part to 5.6 parts of tri'psin. In the pres- 
ence of 6 parts of tri-psin the film is completel}' 
digested. Each milliliter of uiidtlutcd speci- 
men H-93 (Fig. 1 ) may thus be calculated to 
have shown an inhibiting power equivalent 
to that of 0.625 mg/ml of CSBI, — 0.0875 
mg/ml (the amount of trypsin present in the 
end-point tube) minus 0.05, divided by 
6 0.00625 mg/ml s the final serum dilution 

U-.lOO) = 0.625 mg/ml. For H-105, G.P. 
No. 27 normal, and tuberculous, the figures are 
1.46. 0.833 and 1.66 mg/ml respectiveh'. 

Finally, advantage may be taken of the 
fact that the relative amount of clearing of 
the filmstrips in the several tubes just pre- 


ceding the end-point tube is as reproducible 
as the end-point itself, and these strips may 
be read in terms of percentage of digestion, 
thus furnishing in some instances a distinc- 
tion between two specimens, both of which 
have shown the same end-points. In other 
words, antitrjqitic indexes based on end-points 
do not always express all the degrees of trjpi- 
tase-inhibiting activity possessed by different 
sera, even when the differences between the 
succeeding trjmsin dilutions used is as small 
as is practicable, i.e. only 0.125 tcj-ptic units, 
as in Table I. The estimate of the percentage 
digestion is made by close comparison under 
uniform illumination of the film discs in ques- 
tion with a standard set of discs showing 20 
graduations, from zero to 100% digestion. 
These readings are valuable in reinforcing the 
information obtained by comoarison of end- 
points, and could be utilized for further sta- 
tistical analysis of the findings. 

II. Specimen Dilution Procedure. The pur- 
pose in this form of the test is to determine 
the highest dilution of the serum or other fluid 
under test that will inhibit in any degree the 
complete clearing of the film in the presence 
of one TU of trypsin at the standard time 
and temperature. 

1. Preliminary steps. A sufficient volume 
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tion is added with sufficient force to cause 
the strips to float upward somewhat, thus 
bringing the fixative into contact with the 
film throughout its length. The rack is now 
placed in the refrigerator for 5 minutes to as- 
sure the full hardening of any of the gelatin 
emulsion remaining undigested, 

/. The filmstrips are now removed from the 
tubes with forceps, rinsed briefly in fresh, cold 
fixing solution, and touched, at the edges only, 
to blotting paper. They are then inverted and 
set upright in a bed of plasticine so that they 
will drain and dry uniformly. 

5. Reading of the test; preparation of the 
permanent record card. By simple inspection 
of the dried strips when held to the light, 
the end-points (the first completely cleared 
films) in the trj-psin control, and in the test 
series, are determined and recorded. From 
each strip a disc 5 mm in diameter is then 
cut from the digested portion with an ordin- 
arv paper punch. These discs are mounted, 
wi'th the aid of Scotch tape, upon a white 
card which bears the desired descriptive data. 
Thus a permanent record card for filing ma> 

be made of every test 2). 

6 Expression of the results. The titer of 
proteolytic activity may be expressed most 
conveniently in terms of IrN-pt'c units (TL). 


By preliminary adjustment of the incubation 
time, as described above, the titer in the tr.i'p- 
sin control tubes (in all properly performed 
tests) is always 1.0 TU. The difference be- 
tween this titer and that obtained in the test 
series of tubes in the presence of a specimen of 
serum or other inhibiting material represents 
the antitryptic power of that sample. A final 
figure to represent the antitryptic index is 
obtained by multiplying this difference by the 
final dilution (/.c. double the initial dilution) 
of the specimen. For example, in the presence 
of specimen H-93 (Fig. 1) the titer is 1.75 
TU, a difference of 0.7S over the control titer 
of 1.0 TU. This difference, times the final 
dilution, gives the anlitryTitic index; 0,75 x 
100 = 75.0. 

The antiprotease action may also be e.v- 
pressed more directly in terms of the amount 
of trypsin inhibited. Thus specimen H-93. 
in final dilution 1:100. (Fig. 1) may be said 
to have prevented the activity of 0.0375 
mg.'ml of trj-psin, the difference between the 
0.0875 mg/ml in the first tube showing WQ^'c 
digestion (No. 11) and the 0.05 mg ''ml 
present in the control end-point tube (Xo. 5). 
Each milliliter of undiluted H-93 has the ap- 
parent capacity to inhibit the action of 3.75 
mg ''ml crystalline tr\-psin. The corre.spond- 
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moreover, is greatest ivhen the inhibitor con- 
tent of the specimen is especialh’^ high. E%n- 
dently the impurities in crude trj^sin solu- 
tions prevent effective contact or combination 
of a considerable proportion of the antitrr'p- 
tic substances with the active tr\T)sin mole- 
cules. 

Despite these limitations, antitrypsin titra- 
tions with crude trj-psin extracts have re- 
vealed data of apparent significance in sup- 
port of the autodigestion theory of allergy.^*’^" 
For critical studies, however, only tests with 
crystalline trypsin can now be recommended. 

Comment. It is important to realize that 
all of the procedures outlined above require 
meticulous attention to detail, and can onljr 
be carried out successfully' by a conscientious 
technician, since the slightest delation from 
the required techiuc shows up inexorably. 
Nevertheless, the tests are readily adaptable 
to routine use and an average of 20 separate 
specimens a day may be titrated by a single, 
practiced worker. 

The method makes it feasible to add to the 
data ordinarily obtained in experimental and 
clinical studies of allergy precise information 
on the protease-inhibiting power of the sera 
of patients and experimental animals, or of 
the reagents used. The titrations should aid 
materially in appraising the significance of the 

WBurdon, K. L., and Mudd, E. P., Proc. Soc. 
Exp. Bion. .\xd ilzn., 1949, in press. 


previously-neglected antitryptic effect in vivo 
or in vitro of the materials and manipulations 
employ'ed in any experiment. 

The basic film-gelatin-digestion technic 
should prove readily adaptable also for the 
titration of proteases other than trypsin, for 
experiments on the kinetics of these enzymie 
reactions and for the study' of important 
phy'siologic and pathologic phenomena, other 
than hypersensitivity, in which natural pro- 
teases, their activators and inhibitors, appear 
to play so vital a part. 

Summary. A technically' simple, rapid 
method for the quantitative titration of tryp- 
sin or similar proteolytic enzymes, and of 
protease inhibitors, suitable for critical tests 
on a large scale is described. The procedure 
utilizes technics familiar to serologists, rather 
than to skilled biochemists only, and gives 
definitive, reproducible results that can be 
expressed in simple figures. A feature is the 
provdsion for the making of a permanent 
record of each titration. Since the reagents 
are stable, and readily' standardized, compara- 
ble findings can be obtained in separate ex- 
periments conducted in the same or in dif- 
ferent laboratories at any time. 

Tlie assistance of Mrs. David A. Cook Tvith rec- 
ords and statistics is gratefnliy acknowledged. 

Eeecived August 15, 1949. P.S.E.B.M., 1949, 72. 


Quantitative Paper Chromatography: A Simplified Procedure. (17425) 


Richard J. Block 

From the Department of Biochemistry, Ann York ^fc<Jical College, Flou-cr and Fijlh .ivcmie 

Hospitals, Xc‘u> York City. 


The now classical paper chromatographic 
method of Consden, Gordon and Alartin* has 
been applied to the separation of many types 
of organic and inorganic substances. .Although 
the method as originally described was only 
qualitative or roughly quantitative ( ±: 50%), 
a number of quantitative adaptations have 

1 Consden, E., Gordon. A. H.. .dkI” M. irtiii, A. 
«T. P.j .r., 1044. C24. 


been published. These adaptations may be 
classified into several general categories: (.A) 
the paper chromatogram is cut so that each 
substance separated may be extracted with 
the appropriate solvent and then the concen- 
tration of the material in the extract is de- 
termined by’ conventional colorimetry or other 
means (r/.-); (B) the materials on the 
chromatogram are revealed by their own color. 
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•of the working tij^psin solution is made up in 
dilution No. 5 (Table I) to supply the 0.4 ml 
required for a test with each of 8 or 10 speci- 
men dilutions, plus a control. Small amounts 
of dilutions 3, 4, and 5 are also made up 
separately to be run as independent trjqisin 
controls. The specimen is diluted with stock 
buffer by the two-fold dilution procedure 
generally used in agglutination titrations, or 
by some otlier convenient scheme. The great 
majority of serum specimens from human be- 
ings, guinea pigs, or rabbits will give titers 
within the range 1:64 to 1:2500. 

2. The test proper. To 0.4 ml of each of 
the specimen dilutions is added 0.4 ml of WT, 
dilution No. 5. Control tubes containing 0.4 
ml of this identical trjq)sin solution -f- 0.4 ml 
of buffer, as well as the separately-made tryp- 
sin controls, are set up. The remaining steps 
of the test are now carried out as in the 
Trypsin Dilution Method outlined above. 

3. Expression of the results. The titer of 
antitryptic activity here e.xhibited is ordinaril}'' 
stated in terms of the highest final dilution of 
the specimen that inhibits in any degree the 
clearing of the film. The controls must show 
that the trypsin solution used in all the test 
mixtures contained, as intended, one TU. 
The results may also be stated in terms of the 
amount of trj-psin inhibited, or they may be 
interpreted in comparison with the action of 
known amounts of crystalline soy bean inhibi- 
tor. A reading of the percentage of digestion 
at the titer dilution may also be made, differ- 
ing degrees of inhibiting action may thus be 
revealed in different sera having the same 
dilution titer. 

- Use of crude trypsin. The film-gelatin di- 
gestion method was originally developed be- 
fore crystalline tiyqisin preparations became 
available commercially, and the procedures 
outlined above may still be used n ithout es- 
sential change for tests with extracts of 
powdered crude tiypsins. The stock trypsin 
solutions are made by weighing out 6 g of 
Fairchild’s tripsin,** or 3 g of other com- 
mercial preparations! 1 and placing the pon- 


-N. T. (“Tr,T..in 
1,70”). This watcrini is no longer tong manu- 
factured. 


der in a mortar. One hundred milliliters of 
glycerine-buffer solution (equal parts of C.P. 
gl 3 'cerine and stock buffer) are added gradu- 
alljq stirring in a small amount at first to 
make a paste. The mixture is transferred to 
a stoppered flask and allowed to stand at room 
temperature for about 2 hours, ivith occasional 
stirring, then overnight in the refrigerator. A 
cri'stal clear extract (pH about 5.8) is finally 
obtained by filtering through S and S No. 588 
paper, or preferablj- through a Seitz filter 
after adding one percent of filter-aid.“ These 
glj'cerin-buffer extracts are stable over long 
periods of time^® when stored in a chemically- 
clean, screw-top bottle in the refrigerator. 

Comparative activity of crude and crystal- 
line trypsin solutions; differences in reaction 
with trypsin inhibitors. Crj-stalline tri'psin 
solutions were found to have almost exactly 
the same activitj' in the filmstrip tests as the 
extracts obtained from 10 times the weight 
of the currentlj' available crude powdered 
trjTDsins. Hence, with the crude trypsin e.x- 
tracts made as described above end-points are 
obtained in a similar range of dilutions as 
with crystalline trypsin, and the same scheme 
of triTitic units may be used to express the 
titers obtained. 

However, the amount of trjqisin inhibitor 
revealed in serum and other materials is much 
greater in tests with crj-stalline trjpsin than 
in parallel titrations with the less pure en- 
zj'me preparations. Thus, the antitrjTd^ 
indexes of various sera tested with the newer 
powdered trypsins were found to be about 
twice those obtained in titrations with the 
older, relativelj’ impure. Fairchild’s product. 
Crj'Stalline tr\-psin again reguIarN reveals 
more than twice as much inhibitor as is shown 
in comparable tests with any of the currently 
available crude tripsins. Thus, the average 
antitrjptic index of 23 human sera, (initial 
dilution 2:50), tested in parallel, was 51.6 
•with one of the powdered trypsins and 114.1 
with crj^stalline tripsin. The difference, 

(t (“TrrjKsiii l.-.WO'’), Niilritinniil Biodicmi- 
cals Cf)rp(>r,'it ion, Clcvclaml, Ohio, or * ' Poiirrc.'itic 
Trypsin,” Bios L.-iboralorica, N. Y. 

tt ITyflo Siipcr-Ccl, Fi.slier Scientific Go., Pitts- 
burgh, Pa. 
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Tyrosine 


TABLET. 

Stnndard Curves for Tyrosine and Histidine. 


mg 


A 


D .A X D 


.0000 

1S.5 

.0000 

26.5 

.0090 

16.5 

.0180 

27.0 

.0180 

40.5 

.0180 

24.5 

.0180 

37.5 

.0180 

29.5 

.0270 

53.2 

.0270 

50.0 

.0270 

28.0 


oo 

4.07 

.14 

3.71 

.24 

3.90 

.28 

7.56 

.20 

S.IO 

.30 

7.35 

o-'> 

8.25 

.25 

7.38 

.20 

10.64 

.24 

12.00 

.38 

10.64 


Factor 


.0022 

.0024 

.0023 

.0024 

.0022 

.0024 

.0022 

.0024 

.002.5 

.0023 

.0025 


.0024 


Histidine .0078 12.5 

.0078 12.0 

Mod 18.5 

.0156 16.0 

.0156 20.5 

.0156 22.0 

.0156 16.5 

.0156 26.5 

.0234 30.0 

.0234 21.3 


.32 

4.00 

.0020 

.34 

4.0S 

.0019 

.43 

7.00 

.0020 

.41 

6.77 

.0023 

.40 

8.20 

.0019 

.38 

8.36 

.0019 

.43 

7.10 

.0022 

.26 

6.89 

.0023 

.33 

10.50 

.0022 

.36 

11.93 

.0020 


.0021 


A — Area. D — ^Density. Factor — mg/A XT*. 


T.ABLE II. 

Tyrosine and Histidine in Proteins. 
(Calculated to 16.0 g of nitrogen). 


Protein 

mg used 

Tyrosine, g 

Histidine, g 

Hemoglobin 

.04-.32 

3.0 

8.2 

Cisein 

.lO-.CO 

5.9 

2.9 

Zein 

,15-.90 

5.1 

1.8 


dine and tjTosine ratios of which differ widely. 
These results are summarized in Table II. 
The values obtained agree with the best in 
the literature (c/.®). 

2.) Estimation of .Amino .Acids on Two- 
Dimensional Paper Chromatograms. During 
investigations on one-dimensional chromato- 
grams.'' it was observed that the areas ob- 
tained from curves made from the maximum 
and minimum densities were almost as satis- 
factory as those prepared from scanning the 
entire curve. This led to an investigation of 
the relationship between the maximum color 
density of the spots on a two-dimensional 
chromatogram and the concentrations. The 
following procedure can be used to estimate 
14 amino acids on approximately 0.3 mg of 
hydrolysate X of a protein with the usual 


type of amino acid pattern, with an average 
error of less than 10 fo. Only 5 hours total 
working time are required. The elimination 
of the need for determining the area of the 
spot^ is an obvious advantage. 

Experimental. The protein or peptide is 
hydrolyzed with HCl or HoSOi and the ex- 
cess mineral acid is removed in the usual 
fashion. The solution of amino acids is then 
diluted so that it contains approximately 1.5 
to 10.0 millimols of each amino acid per ml. 
Isopropanol (to 10%) is used as the preserva- 
tive. 0.005 or 0.01 ml aliquots of the hydroly- 
sate are applied to the paper and the amino 
acids are then separated by’ two-dimensional 
chromatography on S. & S. No. 596, A^Trat- 
man No. 4, or other suitable paper. Water- 
saturated phenol (in an atmosphere of 0.3% 
of NHs, moistened NaCN and coal gas) is 
the first solvent. The chromatograms are 
then dried in the hood with a blast of warm air 
until most of the solvent has been removed. 
Then the sheets are dried before an electric 
fan over night. 2.5 cm of the leading edge of 
the phenol run are cut off the paper in order 
to eliminate the discolored front. The chrom- 
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reaction with specific reagents to produce 
a colored compound, by their microbiological 
effects when the paper is placed on a suitable 
test medium, or by radioactivity. In such 
instances, it has been found by Fisher, Parsons 
and Morrison® that the area on the paper 
occupied b^^ each substance is proportional to 
the logarithm of its concentration. This pro- 
cedure is very satisfactory when the boun- 
daries of the spots are sharply delineated, but 
cannot be applied with accuracy unless this is 
so or when the substances are not distinctly 
separated from each other. (C) In order to 
overcome these disadvantages, a method has 
been described^-® in which the color density is 
determined continuously or in overlapping in- 
crements with an electronic densitometer along 
the entire length of a one dimensional chroma- 
togram strip. The color densities, so obtained, 
are plotted on graph paper, a series of peaks 
are obtained, and the concentration of each 
substance or substances is calculated from the 
area under each density peak. This procedure 
is very satisfactory for the determination of 
substances which are well or partly separated 
from each other, but is exceedingly tedious 
unless automatic equipment is available. 
Furthermore, as there is no known single 
solvent which permits satisfactory separation 
of all or almost all the amino acids present in 
a protein hydrolysate, preliminary separation 
by adsorption, ion exchange or paper chroma- 
tography must be resorted to in many in- 
stances."*'® (D) One of the advantages of the 
paper chromatogram technic of Consden, Gor- 
don and Martin^ over the older capillary 
analysis method of Schoenbein and Goppels- 
roeder (cj.-) is the two-dimensional chromato- 
gram. The method often gives even greater 


resolution than can be obtained by preliminarj- 
separation by adsorption, ion exchange or 
large scale paper chromatography followed 
by one-dimensional strip chromatography and 
is much easier to conduct. It has been report- 
ed'* that the concentration of a colored sub- 
stance on a two-dimensional paper chromato- 
gram can be estimated from the product of 
the greatest color density times the area of 
the spot. 

The data to be given in this paper show that 
tlie concentration of colored substances sep- 
arated by paper chromatography may be 
estimated directly on the chromatograms, with 
reasonable accuracy, either from the product 
of the area times the color density or 
more simply from the color density alone. 
The examples given are for the estimation of 
amino acids. However, equal success has been 
achieved with non-volatile amines and it ap- 
pears that the same principle would apply to 
other colored substances on paper chromato- 
grams. 

1.) Determination of Histidine and Tyro- 
sine in Protein Hydrolysates (c/.^) Experi- 
mental. Histidine and tyrosine are separated 
by paper chromatography employing S. & S. 
598 paper with a solvent mixture consisting 
of N-butanol 100 parts, glacial acetic acid 10 
parts, saturated with water. The chromato- 
grams are run in air tight glass chambers 
(c/.®) for 3 hours. The paper is then removed, 
dried in air, and sprayed with freshly diazo- 
tized sulfanilamide dissolved in X-biitanol. 
The chromatogram is again dried in air for 
exactly 5 minutes and then it is sprayed with 
saturated NaoCO.’s solution. The paper is 
dried in air and the quantities of histidine and 
tyrosine are determined from the product of 


2 Scliocnbein, C. F., Verh. d. Xaturforsch. Ge.i. 
r,aseh 1801, 3, 249; EhcinboUlt, H. in Houben, 
J. Vic Mclhoden dcr Or(iani.<iclieii Clicmie, G. 


Tliiemc, Leipsig, 1925, 1, 291. 

a Fisher, R. B., Fnrsoiis, D. S., .and Morrison, 
G A.. Xatitir, 194S, ICl, 704. 

■i Block, R. J., Science, 194S, 108, OOS. 

5 Bull, n. B., Halm, J. W., and Baptist, V. H., 
J Am. Chem. Soc., 1949, 71, 550. 

'« Block E. a***! Ammo Acid 

Composit^n of Proteins and Foods, C, C. Thomas, 
SpringOeld, Ilk, Snd ci., 19o0. 


the area of the spot times its maximum color 
density.' 

Results. few typical results on standard 
solutions are giv'en in Table I. In order to 
ascertain the value of this procedure on pro- 
tein hydrolysates, histidine and tyrosine analy- 
ses were carried out on 3 proteins, the histi- 

T Bolling, B., sSiw, A. JJ., and Block, E. J., 
Fed. Froc., 1949. 8. 185. 

sX.achod, F. C, Ion Exchange: Theorx- and Ap- 
plic.-ition. Academic Prc.ss, New York, 1949, p. .TOS. 
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acids are absent or present in comparatively 
small amounts in the hydrolysate under analy- 
sis, the addition of known quantities of this 
amino acid to the hydrolysate will serve as an 
internal standard. 

When 25 replicate chromatograms are run, 
tlie average per cent error for a mixture of 
14 amino acids in proportions simulating (i- 
lactoglobulin, was -2% in one series and 
-4fc in a second. The maximum variations in 
individual amino acids ranged from -12 to -j- 
9%. This error, however, can be appreciably 
reduced by increasing the number of chroma- 
tograms. 

Cystine is largely or entirely destroyed on 
two-dimensional chromatograms using S. & S. 
No. 596 or Whatman No. 4 paper under the 
conditions described above. It is best de- 
termined by a combination of the platinic 
iodide” and Fisher” procedures. Proline, hy- 
droxyproline and tryptophan are likewise best 
estimated by .special methods, the first two 
by the. isatin method of Fromageot,*® the 
last by a combination of the Voisenet-Rhode 

* Kxjicriinfnls wliidi tiro undonvtiy iiidictito tliat 
tlio coiittcntrntion of cacli amino acid on tlic 
clirnmatogrtimn may l)o ostim.ited wUliiu approxi- 
maloly 15% hy tlio niaxiriumi color density motliod, 
nlicn tlie color value is read ofT tlio appropriate 
“standard curve’’ prepared from two dimen- 
sional cliromatograms wliicli arc run shnvltanc- 
otiahi witli tlie niiLnown solution. As in .all 
colorimetry, it is important to Imve llio color 
density of the standard as nearly equal as possible 
to tliat of liio nnVnown. 

»Win<f;ard, 11. M,, Tocnaics, G., and Blocl;, 
n. .T., Science, IDiS, 108, 500. 


p-dimethylaminobenzaldehyde reaction (c/.®) 
as applied to paper chromatograms and the 
area” or area-density^ methods. 

Methionine,! histidine and tyrosine, which 
are reasonably accurately estimated by specific 
chromatographic procedures (c/. above) have 
proven to be valuable for the quantitative 
estimation of amino acids by the ninhydrin 
method on two-dimensional chromatograms. 

Rcs7ilts. The values given in Table III show 
the color ratios and approximate quantities of 
arginine, histidine, lysine, tyrosine, phenyla- 
lanine, methionine, serine, threonine, leucines, 
valine, glycine, alanine, glutamic acid and 
aspartic acid obtained on less than 0.3 mg 
of casein N. The figures given in the adjoin- 
ing column (Table III) are those calculated 
from casein by conventional chemical and 
microbiological methods.® 

Summary. Two methods are described 
which permit the estimation of colored sub- 
stances on one-dimensional and two-dimen- 
sional paper chromatograms with a minimum 
e,xpenditure of time and material. 

10 Froniiigcot, C., private communicatiuii, Mny 
1940, 

t Cystine anil inctliioninc liavo been determined 
in casein, ]actall)Uitiin and liaman bair liydrolysatcs 
by tlic area metliods using platinic iodide® 
as tbe color rc.'igeat and water saturated n-butanol- 
.■icotie acid as the developing solvent. Tlic follow- 
ing amounts of cystine and melbionlno, in grains 
of amino .acid per IG.O g of nitrogen, were found: 
casein, 0.3; 3.4, lactalbumin 3.0; 2,0, bair 10.0; 
0 . 0 . 

llcceivcd August 10, 1949. P.S.E.B.Jt., 1949, 72. 


Therapeutic Effect of Para-Aminobcnzoic Acid and 
isodium Salicylate on Experimental Allergic Encephalomyelitis.* (17426) 

Robert .•\. Good,! Berry Campbell, and Thomas h. Good 

Irnm the Departments of Pediatrics and Anatomy, University of Minnesota Medical School, 

i^fitmcapolis, Afinn, 


Tliat c iiccphiilomyclitis in experimental 

Aided by a Rraiit from tlic National I'oundn- 
tion for Infantile Paralysis. 

t Ilelon liny AVliitney Foundation, follow in 
rlwunuitie fever. 


animals can be produced by Uie injection of 
homologous brain tissue was shown by Rivers, 
Sprunt, and Berry* and confirmed by Ferraro 

* Bivers, T. M., Sprunt, D. H., and Berry, G. p7, 
J. Dip. Med., 1933, .->8, 39. 
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TABLE UI. 

Color Ratios and Amino Acids in Casein. 


Amino acid 

Standard color 
ratio 

Corrected experi- 
mental color ratios 
(molecular ratio) 

Amino acids in casein inilli- 
mols per 1.60 mg of X 

Pound 

C.alculatcds 

Arginine 

.92 

6,4 

2.4 

2.4 

Histidine 

1.12 

5.1 

1.9 

2.1 

Lysine 

Ad 

14.1 

5.4 

5,S 

Tyrosine 

.98 

10.0 

3.8 

3.8 

Phenylalanine 

.99 

9.7 

3.0 

3.1 

lilethionine 

1,13 

6.1 

2.3 

2.3 

Serine 

.90 

13.2 

5.0 

5.G* 

Threonine 

1.02 

10.2 

3.8 

4.0 

Leucines 

1.08/2 

35.8 

13.5 

12.8 

Valine 

1.02 

15.1 

5.7 

6.3 

Glycine 

.89 

8.3 

3.1 

2.S-3.7 

Alanine 

1.26 

9.8 

3.7 

3.7 

Glutamic acid 

.72 

40.4 

15.3 

IC.l 

Aspartic acid 

1.33 

11.4 

4.3 

5.0 

Proline 



-h + 


Hydroxyprolinc 



— 



* Uncorrceted for hydrolytic losses. 


atogram is then developed at right angles to 
the phenol run with 2,-6 lutedine 55 parts, 
95% ethanol 20 parts and water 25 parts by- 
volume in an atmosphere of diethylamine and 
moistened NaCN. At the completion of the 
run, the chromatograms are dried in the hood 
by a blast of warm air and the amino acids 
are revealed by spraying -with 0,1 or 0.2% 
of ninhydrin. The color is brought out by heat- 
ing the chromatograms. After the color has 
developed, the nia.vimum color density of each 
spot is measured with an electronic densitome- 
ter using a 5 X 5 mm or a 15.6 mm= 


aperture disc. 

Caknlotion. Mixtures of all amino acids in 
a protein hydrolysate, with the exception of 
cystine, tryptophan, proline and hydro.xypro- 
line, are prepared so as to contain the follow- 
in'^ ’quantities of eac/i amino acid per ml. 
: 1,25, 2.50, 5.00 and 10.00 millimols. Twen- 
ty-five’ or more chromatograms are carried out 
on each of the above standards. The maxi- 
mum color density of each amino acid on the 
chromatograms is then determined. T^e 
“mean color density'"', that is the arithmetic 
mean of the maximum color densities of all 
the spots on each of the 4 standard concen- 
trations, is then calculated. Similarly, _ the 
Sthmelic means of the color densities given 
by each individual amino acid on the 4 
^andard chromatograms is computed. The 


latter divided by the former value is the 
“standard color ratio” of the individual amino 
acids. “Color ratios” then are calculated 
in the same manner for all amino adds 
which are seen on two dimensional chro- 
matograms of acid hydrolysates. These values 
are called “experimental color ratios.” The 
“standard color ratios” vary less than 10% 
from run to run over a period of several 
months and over a range of 1.25 to 10.00 
millimols of amino acid per ml. The average 
“standard color ratios” on S. & S. No. 596 
paper are given in Table III. 

The “ex-perimental color ratios" of amino 
acids in the unknorvn (acid hydrolysate) are 
determined as above and the values found 
for each amino acid are Uien divided by the 
appropriate “standard color ratio.” This 
gives the “corrected e.xperimental color ratio” 
of each amino acid on the chromatograms 
(Table III, 3rd column). The proportion of 
the “corrected e.xperimental color ratios” to 
each other gives the molar ratios of each amino 
acid to tlie other on the chromatograms. The 
appro.ximate quantities* of the amino acids 
on the chromatograms are then readily de- 
termined if the concentration of one, or better 
2 or 3, of the amino acids arc known from 
independent chromatographic or other 
methods. 

In those cases where one or more amino 
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with supplemental vitamin C. Sodium salicy- 
late medications were given by subcutaneous 
injection of a sterile 5% solution in distilled 
water. The para-aminobenzoic acid was ad- 
ministered orally with the drinking water in 
a concentration of 2.5 mg/cc. Sensitization 
to homologous brain tissue was carried out by 
subcutaneous injection of a brain-adjuvant 
(water in oil) emulsion prepared according 
to our modification of the method of Freund. 
Ten grams of sterile fresh guinea pig brain 
were mixed with 100 cc of normal saline by 
agitation in a Waring Blendor. Two parts 
of this brain emulsion were added to two 
parts of Bayol F (a light paraffin oil) con- 
taining 7.5 mg of heat killed Mycobacterium 
butericum per cc and one part Falba (a 
Pfaltz and Bauer product containing a mix- 
ture of hydroscopic lipids from lanolin.) The 
final mixture was then agitated with a Waring 
Blendor for 4 periods of 5 minutes each. In 
this way a stable emulsion was produced, each 
cc of which contained 2.5 mg of heat killed 
Mycobacterium buterium and 30 mg guinea 
pig brain. The plan of the first experiment 
was to begin all medications 8 days prior to 
the sensitizing injections and to continue the 
medications for 60 days after the injection of 
brain and adjuvant. Ten guinea pigs were 
given para-aminobenzoic acid alone in dosages 
of .5 g per kilo per day. Twenty were given 
moderate dosages of salicylate, (.2 g per 
kilo in one subcutaneous injection each day.) 
Ten were given larger dosages of salicylate. 
(.3 g per kilo in divided dosage given 2 times 
daily), while an additional 20 were treated 
with a combination of para-aminobenzoic 
acid (.5 g/K/D) and sodium salicylate (.2 
g 'K/D). Control groups comprising guinea 
pigs injected with brain and adjur'ants, brain 
alone, adjuvants alone and adjuvants in ad- 
dition to salicylate and para-aminobenzoic 
acid medication were included in the study. 
Simultaneously, 10 normal untreated guinea 
pigs fed the same UTie of rations and given 
the same routine care as the experimental 
animals served as additional controls. 

In an attempt to determine the therapeutic 
effect, if any, of sodium salicylate and para- 
aminobenzoic acid on experimental dissem- 
inated encephalomyelitis the second experi- 


ment was carried out. Twelve guinea pigs 
from among 20 weighing 300 to 500 g, which 
had been inoculated with the brain-adjuvant 
emulsion previously described, were selected 
for treatment after the onset of unequivocal 
central nerv'ous system disease. Four of 
these diseased animals were treated with 
sodium salicylate alone in a dosage of .2 
g/K/D, and eight were placed on the com- 
bined para-aminobenzoic acid and salicydate 
regimen described for the animals of experi- 
ment 1. 

In an attempt to establish the time at 
which para-aminobenzoic acid and salicylate 
became effective in the prophylaxis of acute 
disseminated encephalomyelitis, the third ex- 
periment was carried out. Forty guinea pigs 
weighing 425 to 600 g were studied. Ten 
of these animals injected with the brain ad- 
juvant emulsion and given no further treat- 
ment served as controls, while one of the re- 
maining guinea pigs was started on treat- 
ment with the para-aminobenzoic acid and 
salicydate combination previously mentioned 
on each successive day beginning eight days 
prior to the injection of all the animals with 
the brain adjuvant emulsion and continuing 
for 22 days thereafter. 

Results. The results of Experiment 1 are 
summarized in Fig. I. .Approximately 90% 
of 22 guinea pigs receiving injections of guinea 
pig brain and adjuvants developed symptoms 
of central nervous si^stem disease between 13 
and 27 days after the injection. Most fre- 
quently the disease began with spasticity of 
the hind legs followed within a few days by 
flaccid parah'sis and encephalitis. Tremors, 
nystagmus, and convulsions were prominent 
symptoms in the late stages of the disease. 
Seventeen of these control animals died from 
encephalomyelitis between 19 and 42 days 
after the initial injection of the water in oil 
emulsion of guinea pig brain. The duration 
and course of the disease after onset were 
variable with e.xacerbations and remissions 
being noted occasionally. Once unequivocal 
e\’idence of central nervous system involve- 
ment became apparent, the animals usually 
died. In several guinea pigs, however, the 
disease became stationary for long periods. 
A few animals recovered, some with sequellae. 
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and Jer\ds.- Studies by Schwentker and 
Rivers® and KopeJoE and Kopeloff'* demon- 
strated the association of this disease with the 
production of specific anti-brain antibodies. 
Recent studies®"^® using Freund’s adjuvants to 
potentiate and hasten the development of en- 
cephalomyelitis against homologous or heterol- 
ogous brain tissue have provided a working 
laboratory mode! of acute disseminated en- 
cephalomyelitis. Almost without exceptionjn- 
vestigators studying this disease of laboratory 
animals have supported the allergic theory of 
its pathogenesis.^^ That the sensitizing agent 
is concentrated in the white matter of the 
nervous system, but also present in the gray 
matter seems clear^®-^® Alvord’s^'* studies have, 
further, implicated certain purified phospho- 
lipids extracted from brain tissue as at least 
one of the sensitizing hapten groups capable 
of producing encephalomyelitis, and Bell et 
have recently shown that calcium acetate 
precipitation of aqueous suspensions of cen- 
tral nervous tissue removes their encephalo- 
genic properties. 

In spite of the apparent relation of experi- 
mental encephalomyelitis to a group of human 
diseases (acute disseminated encephalomj'eli- 


2 Ferraro, A., and Jervis, G. A., Arch. Neurol, 
and Psychiat., 1940, 43, 195. 

sscliwentker, F. F., .and Rivers, T. M., J. Exp. 
Med., 1934, 00, 559. 

4 Kopeloff, L. M., .and Kopcloll, N., J. Immunol., 
1944, 48, 297. 

sStorgan, I. M., J. Pact., 1946, ol, 53. 
cKabat, E. A., Wolf, A., and Bezor, A. E., 
Sci(n\ee, 1946, 104, 362, 

7 Freund, J., Stern, E. R., and Pisani, T. M., 
J, ImmuJio!., 1947, 37, 179. 

SJtorrison, E. R., Arch. Neurol, and Psychiat., 
1947, 58, 891. 

9 Jervis, G., .and Koprowski, A., J . A curopath. 
and Exp- Neurol, 1948, 7, 309. 

10 Ferraro, A., and Cazzulo, C. L., J. E curopath. 
and Exp. Neurol, 1948, 7, 23o. 

Stevenson, E. D., and Alvord, E. C., Am. J. 
Med., 1947, 3, 614. 

i 2 K.abnt, B. A., Wolf, A., .and Bezer, A. E., 
,7 Exp. Med., 1947, 83. 117. 

tuMorgan, I. M., 4- Erp. Med., 1947, ai, 131. 

14 Alvord, E. G., Pnoc. Soc. E-xr. Bior,. a.vp 

Pnoc. Soc. EXP. Biol, akp Mt.o., 1949, .0, 4u,. 


tis, multiple sclerosis) for which effective 
therapy is lacking, little work has been report- 
ed of attempts to find therapeutic or prophy- 
lactic agents capable of interrupting the cycle 
resulting in allergic central nervous system 
disease in animals. The long recognized 
clinical usefulness of salicylates in the treat- 
ment of the e.\udative phase of rheumatic 
fever has led, however, to a series of investiga- 
tions demonstrating a pronounced effect of 
large doses of salicylate on the course of anti- 
body production*®"^® and allergic phenomena 
resulting from antigen-antibody reactions,®®’®' 
while Coburn and Kapp®® showed that salicy- 
late could prevent the in vitro precipitation of 
antigen with specific antibody. Suppression 
of rheumatic symptomatology with para- 
aminobenzoic acid has been reported from 
several clinics and the combination of para- 
aminobenzoic acid with salicjdates has been 
suggested for the treatment of rheumatic 
fever. Recent studies indicate that both para- 
aminobenzoic acid and salicylates are protec- 
tive against certain allergic or hypersensitive 
states in rabbits®® and several rather poorly 
controlled clinical studies indicate that salicy- 
lates might be helpful in certain human en- 
cepbalitides.®®"®® 

In an attempt to prevent the development 
of the acute allergic encephalomyelitis due to 
immunization against homologous brain tissue, 
the following 3 experiments were carried out. 

In the first e.xperiment 112 guinea pigs 
weighing 250 to 325 g each were used. /Ml 
animals were fed balanced guinea pig rations 

10 Swift, II. P., .r. Eipl McZ7i9'1‘1, .3(i, 735. 

I" Derrick, C. L., Ilifclicock, C. II., and Sivift, 

II. F., J. Clin. Invc.d., 1928, 5, 427. 

18 Jager, B. T., Proc. Am. Fed. Clin. Ec.-t,, 1947, 

3, 93. 

19 Iloniburger, P., Rnoc. Soc. E.xr. Biol, a.vh 

194G, 01, 101. 

20SuIIiv.an, C. J., Parker, T. W., .and llibbort, 

R. W., Pnoc. Soc. E.xr. Biol, and Med., 1948, 07, 
50S. 

21 Campbell. B., Science, 1948, 108, 478. 

22 Coburn, A. F., .and Kapp, E. M., J. Exp. Mrd., 
1943, 77, 173. 

23Macicl, Z., Erazil vied.. 1941, 804. 

24 Beii.ague, P.. Per. neural. 1942, 7-1, 3,"9. 

2.' Ferraz, .V. .1., Pec. neural, c. priqnirct. dc Siio 
Paulo, 1944. 10, 1, 
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salicj-lale alone died between 4 and IS days 
after the initial sjinptonis and beginning of 
treatment. This result h'es not significantlv 
different from that occurring amons the control 
guinea pigs. 


'Hie results obtained in Experiment 3 are 
indicated in Fig. 2. Here again evidence of 
a protecting effect of combined para-amino- 
benzoic acid and salicxdate prophylaxis is ap>- 
parent. The control group (Fig. 2) which 
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Fia. 1. 

Table of mortality curves of 112 guinea pigs of experiments I and II. Insert 
sliows onset of illness in same scries. See text. 


others with none. Cultures of the central 
nervous tissue removed with careful asep- 
tic precautions from moribund, paralysed, 
encephalitic animals showed no growth on 
blood agar plates. Neither were attempts to 
demonstrate a virus in the involved nervous 
tissue by intracranial and intraperitoneal 
mouse passage, intracranial and intraperi- 
toneal guinea pig passage, nor corneal and in- 
traocular rabbit passage successful. 


While premedication and medication with 
moderate doses of either sodium salicylate or 
para-aminobenzoic alone failed to alter the 
incidence or the course of the central nervous 
sj'Stem disease, larger total dosages of sodium 
salicjdate seemed to delay the time of onset 
and reduce both the incidence and mortality 
rate Even more striking were the results 
obtained when a combination of para-amino- 
benzoic acid and sodium salicylate was used 
for the prophylaxis and treatment of this 
perimental disease. Fifteen per cent of the 
^inea pigs treated in this way developed 
Ivmptoms and signs of encephalomyelitis after 


injection uith brain and adjuvant and only 
10% died. Injection of either adjuvants or 
homologous brain alone was well tolerated by 
the controls. During the period of the experi- 
mental study, 10 normal guinea pigs remained 
in good health showing substantial growth on 
the same dietarj^ regimen provided for the 
experimental animals. 

The therapeutic effectiveness of sodium 
salicylate and para-aminobenzoic acid was 
tested on a group of 12 guinea pigs selected 
on the first day of central nervous system 
involvement following 14-30 days after the 
injection of brain and adjuvants. Xo alteration 
in the course of the disease nor apparent 
amelioration of symptoms was produced in 
any of the animals treated uath sodium salicy- 
late or combined sodium salicylate and para- 
aminobenzoic acid. One guinea pig in the 
group treated witli para-aminobenzoic acid 
and salicj'late showed several remissions fol- 
lowed by e.xacerbations and ultimately sur- 
vived. The remaining seven guinea pigs of 
this group and all 4 treated with sodium 
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Para-aminobenzoic add niay by itself have 
anti-anaphylactic properties^® and the effect 
noted here might be an expression of a simer- 
gistic antianaphylactic action. It is entirely 
possible, hoivever, that the decreased elimina- 
tion of sodium salicylate in the urine in the 
presence of para-aminobenzoic add®® results 
in higher, more effective, blood levels of 
salicylate than when this drug is given alone. 
If so, other acid salts, like ammonium chloride, 
might also result in a comparable enhance- 
ment of the salicylate effect, liliTiile toxic re- 
actions to salicylates and para-aminobenzoic 
add may preclude the safe attainment of ef- 
fective levels in the treatment of human dis- 
ease, further studies are indicated to eluci- 
date the underlying mechanisms of this pro- 
tecting eft'ect. There is reason from this and 
other studies to believe that a less toxic drug 
with antianaphylactic properties in common 
ndth salicylates might be an important thera- 
peutic and prophylactic agent in human dis- 
ease. 

The now extensive studies of auto-immuni- 
zation phenomena in diseases of experimental 
animals demand further attempts to establish 
the operation of such mechanisms in the 
pathogenesis of human disease in spite of the 
technical difficulties involved. It seems ob- 
vious that this phenomenon could be at work 

R. M., and Bollwan, J. L., Jhi. 
PlniswJ.f 194S, lo5j 46G. 


in post infectious states, the pathogenic 
mechanisms of which remain obscure. Turther 
studies on rheumatic fever, post infectious 
leukoencephalitis, multiple sclerosis, sympa- 
thetic ophthalmia, and glomerulonephritis 
might, indeed, reveal that autosensitization 
is a common denominator for many otherwise 
unrelated diseases. 

Summary and conclusions. 1. Progressive 
acute disseminated encephalomyelitis was pro- 
duced in 90fo of a group of guinea pigs by 
the subcutaneous in}ection of water in oil 
emulsions of homologous brain tissue plus 
adjuvants. 

2. MTiile prophylaxis 'and treatment with 
moderate dosages of either para-aminobenzoic 
acid or sodium salicrdate alone provided no 
protection of guinea pigs against experimen- 
tal allergic encephalomyelitis, the use of larger 
dosages of salicylate as well as combined sali- 
cylate and para-aminobenzoic acid therapy 
were effective in preventing this disease. 

5. Effective prophylaxis was demonstrated 
only when the medication was started before 
or shortly after the sensitizing injection of 
brain tissue was given. 

4. No therapeutic effect of sodium salicy- 
late alone or combination of para-aminoben- 
zoic acid with sodium salicylate could be 
shown. 

Received August IS. 1949. P.S.E.B.M., 1P49. 72. 


The Initial Uptake of C'*-Labelied Methadone by Rat Tissues,* (17427) 

T. K. .Adler akd L. L. EisekbraxdtI (Introduced by H. W. Elliott) 

From the Division oj Pharmacology and Experimental Therapeutics, University of California 


.Medical School, 

Recently it has been shown in this labora- 
toiy that within one hour after a subcutan- 
eous injection of 10 mg /kg of labelled 
methadone (methadone*) into rats, the con- 
centration of the drug in the brain is relatively 

• Siu'ported. in pnrt, by n grant from tbc Xa- 
tionat Institutes of Health, Bothesda, Md. 

t On sabbatical leave from the University of 
Kansas City. Kansas City, Mo. 


San Francisco. 

low.^ .A fairly rapid mobilization of the drug 
from the site of injection is indicated by the 
work of Eisenbrandt, cf ah- who found that 
within 10 minutes after such an injection, 

t Elliott, n. W.. Oiang. F. K-H.. Abdon, I. A., 
and Anderson, II. H., J. Fharm. and Exp. Therap., 
IMO, 95. 404. 

= Eisenbrandt. L. L., .tbdou, I. and .Vdler, 
T. K.. Fed. Proc.. 1040. S, CSS. 
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received brain plus adjuvant but no medica- 
tion, showed 5 out of 9 didng (55%) with 
an incidence of 6 out of 9 acquiring the dis- 
ease (67%). ■ In the treated series, little mor- 
bidity was seen in the group in which medica- 
tion was commenced before the fifth day fol- 
lowing injection. Past that point, however, 
the incidence of symptoms and death appear 
not significantly different from the control. 
These results suggest that protection against 
experimental allergic encephalomyelitis is ef- 
fective when sodium salicylate and para- 
aminobenaoic acid medication are begun early. 
It would seem from these data that if medi- 
cation is delayed for several days following 
the injection of the brain and adjuvant no 
protecting effect can be demonstrated. In this 
series significant protection was apparent 
among the guinea pigs whose treatment was 
initiated prior to the fifth day following in- 
jection with brain and adjuvant, while those 
whose treatment was begun later were not 
protected. 

Although the pathologic studies of the 
series of animals will be the subject of another 
report, a brief mention of the results obtained 
are of interest here. The central nervous 
system changes include scattered foci of in- 
flammatory reaction with subependymal and 
perivascular concentrations being characteris- 
tic. The marked plasmacellular component of 
the inflammatory reaction previously noted 
by others®"^® was also apparent in our material 
and is in keeping with an hypothesis previ- 
ously expressed-®--® that local plasma cell 
accumulation in the central nervous tissue, as 
well as elsewhere, indicates the operation of 
antigen-antibody reactions. 

Discussion. IMany problems are posed by 
these results. Although in these experiments 
■serum antibodies were not studied, we assume 
that the disease with which we are dealing is 
an e.xpression of the specific antibrain hjTJer- 
sensitivity. A number of investigators have 

(ind Xairol, 
^^"7 Good, E. ^cttropaOi. and Exp. Neurol., 


B., and Good, B. Ann. 

1P49, 7, 471. 


AUcrgy., 


demonstrated the association of the nen-ous 
disease produced in this way with the develop- 
ment of antibrain antibodies.®’^-®- Because 
of our previous e.xperience®®-®® with the activa- 
tion of latent virus in the central nervous sys- 
tem by antigen-antibody reaction and because 
the symptoms of nervous system involvement 
in this disease simulate in certain respects 
known virus disease of guinea pigs, mechan- 
isms involving virus invasion were suspected 
of operating in this situation. It seems 
reasonably certain, however, that our futile 
search for virus in the tissues of these animals 
as well as negative searches for virus in the 
central nervous tissues of similar animals by 
others render this possibility verj’- unlikely. 
The constant two to four week latent period 
following injection of antigen is compatible 
■with the allergic hypothesis of the pathogene- 
sis of this encephalomyelitis. 

The protection afforded by the combination 
of salicylates and para-aminobenzoic acid can 
probably be explained tlirough operation of 
known actions of these drugs. .An in vivo as 
Avell as in vitro effect of salicylates in block- 
ing antigen-antibody reactions seems well es- 
tablished. In addition, the weight of the 
evidence would indicate that large doses of 
salicylates act in some waj- to reduce antibody 
formation. That moderate dosages of salicy- 
lates do not affect antibody' response to the 
streptococcus and its products, was pointed 
out by Rantz, Boisvert, and Spink®* while 
the effect of larger dosages of salicy'lale on 
the antibody response to a variety' of antigens 
has been demonstrated. This relationship 
might help to e.xplain the lack of protection 
against acute allergic encephalitis noted when 
sodium salicylate in a dosage of .2 g/K/D 
was used while protection was obtained with 
larger dosage of salicylate as well as when 
the smaller salicylate dosage was combined 
with para-aminobenzoic acid. 

•-a Good, R. A., ;md Caiiijdiell, B., Pnot . .'■oe. 
Exp. Biol. .\xd Med,, 1045, 50, 305. 

30 Good. R. A., .-uid CaniiibcU. B., Piior. foe. 
Exp. Biol, akd Med., 1048, 08, SO. 

31 Rantz, L. A., Boisvert, P. .1., and .fidiil:, IV. 
W., Saicncc, 1940, JOB, .352. 

32 Ivuproiv.slci, 11., .and .Tervis, G. Prop. for. 
Exp. Biol, .ikd Mn>., 194S, 09, 472. 
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TABLE I. 

Tissue Concentratio n of BadioactiYitv in Terms of Microgrniiis of MeUiadoiie* per Gram. 

Cerebrum Plasma Adrenals Liver 


Eat 

No. 

Time after 
inj., mill. 

/ 

per g 
water 

A 

per g dry 
tissue 

r 

per g 
water 

per g dry 
tissue 

per g 
water 

per g dry 
tissue 

perg 

water 

per g dry 
tissue 

IG 

10 

0 

0 

0.4 

4.9 

0 

0 

2.4 

5.4 

21 

10 

'0 

0 

0.05 

5.5 

11.2 

16.9 

4.1 

9.5 

17 

20 

2.3 

8.3 

0.9 

10.5 

IG.O 

42.8 

18.8 

49.2 

oo 

20 

G.O 

20.0 

2.6 

27.9 

39.7 

68.4 

10.9 

25.7 

IS 

30 

0 

0 

0.9 

9.8 

22.9 

26.4 

20.1 

47.5 

23 

30 

3.3 

11.9 

1.2 

14.5 

27.4 

51.5 

13.4 

33.6 

19 

40 

3.6 

13.0 

2.0 

24.9 

48.5 

93.0 

25.5 

60.7 

24 

40 

2.5 

8.6 

2.5 

30.0 

45.0 

96.5 

30.8 

79.4 


induced 'by an initial high concentration of the 
drug in the brain. 

In contrast to the cerebrum, both the liver 
and adrenals showed a marked increase in 
concentration with time; the rate of increase 
in the adrenals was more pronounced. These 
differences, obtained even when calculated on 
the basis of tissue water, suggest a definite 
mechanism for accumulation in these tissues. 

Summary. Based on the determination of 
radioactivity for periods of 10, 20, 30, and 
40 minutes following a subcutaneous injection 
of 10 mg,drg of labelled methadone HBr 
into rats, it was found that; 

(a) ^lethadone* makes its appearance in 


the blood within 10 minutes, and is confined 
to the plasma. 

(b) There was no activity in the cerebrum 
before 10 minutes, and even thereafter the 
concentration is very low. The rate of ac- 
cumulation roughly parallels that of the plas- 
ma indicating no special affinity of the brain 
for the drug. 

(c) The adrenals and liver show a marked 
ability to accumulate methadone* at a rate 
in excess of that shown by either the cerebrum 
or plasma. 

(d) There was no activity in the sciatic 
nen’e nothin the period studied. 

Received August 22, 1D49. P.S.E.B.M., 1949, 78. 


A Nervous Syndrome Produced with Phenylalanine and Methionine.* 

( 17428 ) 

L. V. Hankes and C. .a. Ela'ehjem 

From the Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison. 


During studies on the metabolic interrela- 
tionships between threonine, phenylalanine, 
tryptophan and niacin, it was noted that 
animals fed a niacin-trjT>tophan deficient ra- 
tion supplemented with 0.208% DL-phenyl- 

* Publisticd wUli ttie approval of tlic Director of 
tlie Wisconsin .tgricultur.al Experiment Station. 
Tills work was supported in part by grants from 
tlic Nation.al Dairy Council, on bclialf of the 
American D.airy Association, and tlie Nutrition 
Foundation, Inc. 


alanine and 0.2% DL-methionine for a period 
of 12 weeks developed an interesting nervous 
sjmdrome. The sj-mptoms include an arched 
back with extended legs in a rigid condition. 
The head oscillates verticalh' almost contin- 
uously, and the rate of movement increases 
until the animal apparently becomes fatigued. 
After a short rest period, this movement re- 
occurs. The animal may show a slow rotary 
motion of the body and periodically it may 
move backwards at a rapid rate. Death re- 
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radioactivity appeared in the bile. In view 
of this rapid mobilization it was desirable 
either to establish or to rule out the possibility 
that an initial high concentration of metha- 
done in the brain is responsible for the 
rather profound effects on the central ner- 
vous system. 

The study was e.vtended to include deter- 
mination of the rate of accumulation of 
methadone* by the adrenals and the liver, 
both of which were found by Elliott, et al.^ 
to contain high concentrations after one hour, 
and to correlate these findings with the rate 
of accumulation in the blood. In addition, 
portions of the sciatic nerve were analyzed to 
check the possibility that analgesia might be 
produced by concentration of methadone* in 
the peripheral nervous system. 

Methods. The C'^'* labelled methadone HBr 
used in this study has been described previous- 
ly.^-® Eight young adult rats (4 male and 4 
female) of the Slonaker-Wistar strain weigh- 
ing between I7S-2SO g and maintained on a 
diet of Purina Dog Chow and tap water were 
used in this study. Each was given 10 mg/ 
kg of methadone* by subcutaneous injection 
into the left hind leg. After 10, 20, 30, or 
40 minutes one male and one female were 
sacrificed. Ether was administered immediate- 
ly before sacrifice, and a blood sample was 
obtained from the abdominal aorta. 

Cerebrum, adrenals, liver and portions of the 
sciatic nen-e from the uninjected (right) leg 
were dried to constant weight at 60° C. Tissue 
water content was calculated from the wet- 
dry weight difference. 

Preparation of tissues for combustion has 
been described previously*. The method of 
combustion was that of Van Slyke and Folch"' 
as modified by Skipper, ct at.- Th e co mbustion 

~3Tdbert, b 7 Jt., Christciisou. F., Cliaiig, F. 
X-ir., .-mcl F. P. Tv 


PSS. 

i Tan Slj-kc, B. D., an'l Fokli, .T., J. Jiwl. Chrm., 

40, 130, 509. . 

r. Skipper. H. E,, Bry.nn, C. R, T hitc. L., .St., 
fl irutcWnson, 0. S., Biol. CUn.., 1948, X7.% 


371. 

OEntcnniaii, P-. Eeu’er, 

.wifl Dnubcii, IV. G., PROC. 
Med., 19-19, 70, 3G4. 


S. K., Clwikoff. I. L., 
Soc. Exp. Biod. .\n’» 


apparatus used has been described by Enten- 
man, et at.’’ Preparation of radioactive samples 
of BaCOs .for counting was similar to that 
used previously in this laboratory.* 

Although there is evidence that methadone 
can be metabolized by the body,*-® the pos- 
sible metabolic products have not been identi- 
fied. However, the labelled carbon atom in- 
corporated in the methadone* used in these 
studies was not oxidized to CO 2 .* Therefore, 
for the sake of simplicity the data are reported 
as micrograms of methadone*. 

Results. A comparison of the concentration 
of radioactivity in whole blood with that in 
the plasma indicated a dilution of the former 
by the red blood cells. To establish (his 
point definitely, the red blood cells were cen- 
trifuged, washed twice with saline and ana- 
lyzed. No radioactivity could be found, thus 
indicating that ndthin the period studied (be- 
tween 10 and 40 minutes) the methadone* in 
the blood was confined to the plasma. 

Furthermore, it seemed desirable to estab- 
lish whether or not accumulation of the drug 
in the tissues was merely a reflection of ac- 
cumulation in the plasma water. For this 
reason calculations were made on the basis of 
concentration per gram of tissue water in ad- 
dition to the usual method of reporting such 
data. 

The concentration of methadone* in the 
tissues studied is summarized in Table I. 
Values for the sciatic nerve are omitted from 
the table since at no time did the nerve con- 
tain significant amounts of radioactivity. 

Discussion. The rapid appearance of radio- 
activit}' in the plasma indicates the importance 
of the plasma as a transport mechanism in 
mobilizing a subcutaneous injection of metha- 
done.* It is of interest to note that the con- 
centration in the cerebrum was of the same 
order of magnitude as tliat of the plasma, 
and also that the drug did not accumulate in 
the sciatic nerx-e. The low amounts in the 
cerebrum dispute the thesis that analgesia is 

7 Bk'li.'irds, .1. C., .and Boxt-r, G. E.. pap-'r pre- 
.srnti-d to tlip Division of Medicinal riipmistry of 
the Am. Cluni. Soc. meefiiip of .Sept, ]S -3, J.049, 
s\V:iy, E. h., .Sianorotli, B. T., .mid Mnreli, C. 

H.. to be pnblislied. 
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The apparent inability of the animals to 
control their movements indicated that the 
cells in certain areas of the brain may have 
been affected. The levels of methionine and 
phenylalanine in the rations may have altered 
the ratio of amino acids in the brain cells- to 
such an extent that permanent changes in the 
enzyme or metabolic systems of the cells took 
place. Furthermore, the observation that the 
sTOiptoms were not reversible by feeding or 
injecting niacin would substantiate this con- 
clusion, since this compound prevented the 
onset of the nerx’ous symptoms, when it was 
present in the ration. A gross examination 
of the brains of several animals did not re- 
veal any abnormalities. 

It is believed that this is the first time a 
syndrome of this nature has been obserr'cd 
in e.xperiments with rations containing an 
imbalance of amino acids. There are known 
human diseases such as cystinuria,®'^ alkap- 
tonuria,'' tyrosinosis, “ and phenylpyruvic 
■oligophrenia,"'* which have been related to 
inborn errors of amino acid metabolism. In 

- Christensen, H. N., Stroielicr, J. A., Eibinger, 
It. h., J. 7m. Chcm., 1948 172, 515. 

'’'Bnrko, B. .S., Harding, V. V., .and Stuart, 
n. C., .T. I’alUit., 194.8, 2JJ, 50S. 

* Lewis, II. B., Brown. B. H., nnd White, P. E., 
I. J7iot. Chcm., 1930, 109, 09, 

“ Hall, W. K., Bawls, K., .and Sjdcnstrickcr, 
V. 1’., /.'(•(!. rror., 194G, 3, 130. 

« Medes, Iliochi-m. J., 1932, 20, 917. 

" Dann, M., Marplcs, E., and Levine, S. Z., 
■J. Clin. Invest., 1943, 22, 87. 

s.Tarvis, G. A., Block, E. J., Bolling, C., Kanze, 
E., J. Biol. C/icm., 1940, 1:14, 105. 


these diseases normal metabolic processes 
involving phen 3 dalanine and Uwosine are 
either partially or completely inhibited, and 
the disorders are generally recognized by the 
persistent e.xcretion of abnormal urinar 3 ' con- 
stituents.®*'® 

When our results are considered in the 
light of faulty amino acid metabolism, it is 
feasible that the effects observed were due 
partially to a limiting abilit 3 " of the animal 
to metabolize phenylalanine. It is also pos- 
sible that the causative agent in this S 3 m- 
drome was the D isomer of Uiis amino acid, 
since it has been observed that "the growth of 
rats was reduced drastically when this isomer 
was supplemented at low levels in a 9% 
casein ration.' 

Summary. .Animals fed a niacin-tr 3 'ptophan 
deficient ration supplemented with 0.208% 
DL-phenylalanine and 0.2 DL-methionine 
for a period of 1 2 weeks developed a nerx’ous 
syndrome. Generous quantities of tr 3 ’ptophan 
or niacin in the ration protected the animals 
from this S3mdrome, but neither compound 
cured the symptoms once they had progressed 
beyond a given stage. 

Wo arc iiuk'litcd to Merck niitl Co„ Inc., Ealiwaj’, 
N, .T., for the supph’ of crj'staUinc B vitamins, and 
to the Abbott Labor.atorics, North Cliicago, 111., 
for the generous supply of haliver oil. 

9 Sealock, E. E., and Silberstein, 11. E., J. Biol. 
Client., 1940, ISW, 251. 

lOBasinski, I>, II., and Sealock, E. II., I’cd. 
Proc., 194G. 5, 121. 
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A Modified Diphcnj'lamine Procedure for Fructose or Inulin Determina- 
tion. (17429) 

Doris Rolf, .-V. Surtshin and H. L. Wiiite’^ 
from the Defiarlment oj Pltysiology and the Division nj Gerontology, Washington University 
School of ifrdieine, St. Louis, .Uo. 

The use of mulin clearance as a measure the appearance of a number of methods for the 
of g lomerular filtration rate has prompted determination of inulin or fructose, the 

* This work was aided by a grant from the of which are based cither On the 

■CMinmouwcaUh Bund. ScUwanoff reaction' or the reaction with 
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suits 36 to 50 hours after the onset of the 
symptoms. Blood pressure measurements on 
one animal with very severe symptoms gave 
normal values. Autopsy of all animals failed 
to reveal any gross abnormalities in the struc- 
ture of any of the organs; however, the 
stomachs of some were very slightly bloated. 

The animals fed niacin or tryptophan in 
the ratio in addition to the added DL-phenyl- 
alanine and DL-methionine were normal. The 
rations supplemented \vith 0.2% L-cystine plus 
0.208% DL-phenylalanine instead of 0.2% 
DL-methionine plus 0.208% phenylalanine 
did not produce this syndrome. Even though 
DL-threonine is generally much more active 
as a growth inhibitor in the 9% casein ration, 
it did not produce these symptoms, when 
either L-cystine or DL-methionine was added 
to the ration. Apparently there is a definite 
relationship between methionine and phenyl- 
alanine which is responsible for the nervous 
syndrome. 

An experiment w'as designed (Table I) to 
determine w'hat levels of methionine and 
phenylalanine would be required to shorten 
the period for onset of the syndrome, and 
what compounds could be used to cure it. The 
composition of the basal ration was the same 
as that used in previous studies.^ The com- 
binations of 0.208% DL-phenylalanine plus 
0.2% DL-methionine, 0.208% DL-phenyl- 
alanine plus 0.4% DL-methionine and 0.416% 
DL-phenylalanine plus 0.4% DL-methionine 
all appeared to produce the nervous syndrome 
in the same period of time. The administration 
of niacin or tcj^ptophan by stomach tube, the 
injection of niacin, or the feeding of tryptophan 
solution orally by dropper, after the animals 
exhibited severe nenmus symptoms, did not 
produce a cure. On the other hand if the level 
of casein in the ration was doubled at the 
onset of the early symptoms of the syndrome, , 
the animals quickly recovered. It is im- i 
portant that niacin or tryptophan protected 1 
the animals when given from the beginning, s 
but they were inactive when given after the 
syndrome had reached a definite stage. 

V.. Henderson, U M., Erickson, 

,v;r-Bv,ui-.c. A., 

174 , 873 . 
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TABLE I. 


Optkul Densities X 10^ Produced by Fructose, Inulin, and Gluc-oso Solution. 




Fructose. ;ig/2 ml 



Gluco.se, 
mg/2 ml 
' 1 

Fructose 


10 

20 

30 

40 

60 

glucose 

1 


145 ±.5(6) 

222 .6(6) 

289 ±1.0(6) 

433 ±1.0(6) 



o 


142 ±.5 (5) 

220 ± 1.0(6) 

285 ± .9(6) 

436 ± .8(6) 

117 ± .7(4) 

62 

3 

S9±.y(.7) 

147 ± .5(5) 

221 .7(5) 

291 ± .8(5) 

±: .5(5) 

114 ± .6(4) 

05 

4 

82 ± .3(6) 

154 ± .5(5) 

236 ± .2(5) 

309 ± .9(4) 

460 ± .4(4) 

124 ± .5(3) 

03 

0 

77 ± .5(3) 

148 ±.7(3) 

220 ± .7(3) 

294 ± 1.0(3) 

448 ± .5(3) 

118-1- .0(2) 

03 

0 

74 i .5(3) 

152 ±.4(3) 

228 ±2.0(3) 

295 ± 1.0(3) 

445 ±1.0(3) 

114 ±1.0(3) 

60 

7 

72 ± .0(;i) 

148 ±.7(3) 

230 ± 2.0(3) 

305 ± 1.0(3) 

457 ±2.0(3) 

120 -h 1.0(3) 

63 




Inulin 

ug per 2 nil. 




8 



229 ± .7(10) 





0 


342 ±. 7(6) 

204 ±.4 (0) 

284 ± .7(4) 

426 ± 1.0(6) 




The (lata of a horizontal line were obtained with a single heating. The figure following the is 
S.E. for the samples of a given eoneentration in the same heating; the figures in parentheses give n, 
the number of samples. Ten 30 ^ig fructose samples run simultaneously with the 10 inulin samples of 
line 8 gave an average optical density X 103 of 234 ± 0.8, indicating complete hydrolysis of the 
inulin. The inulin densities in line 9 are somewhat lower than those usually obtained because some 
diphenylamine had precipitated after the reagent had .stood 2 days in the refrigerator; simultaneous 
fructose determinations (not shown in table) were also eorre.s}iondingly low. 


60 ml of cone. HCl. This is the same reagent 
used by Harrison. Prepare fresh each day; 
if kept in a refrigerator some of the diphenyla- 
mine will precipitate and it is difficult to re- 
dissolve it. Use of this reagent after partial 
precipitation of diphenylamine yields a cali- 
bration curve which is lower than one ob- 
tained with fresh reagent. 

Procedure. Pipette 2 ml of a 1:10 plasma 
filtrate* or appropriate urine dilution into a 
test tube 15 x 125 mm. .Add 4 ml of diphenyla- 
mine reagent and mix well with swirling. Since 
the reagent has a high viscosity, care must be 
taken that pipette drainage is adequate. For 
plasma determinations use as a blank 2 ml of a 
1:1() filtrate of plasma obtained just prior to 
the injection of inulin; 2 ml of water is used 
for urine blanks. Place in a rack and heat 
in a water bath at 75°C for 60 minutes. The 
bath used had a thermoregulator sensitive to 
±0.7 C at 7S°C; a mechanical stirrer insured 
uniform heating of all samples. At Uie end 
of the heating period place rack in an ice 
batli for 1 to 2 minutes. If the tubes are 
kept too long at the lower temperature there 

t Siiuc Ibis jmper went to pre."^ wc li.ave been 
using e.r. g of (li[i)ipiiy!;i!iiiuc am! Imve been beep- 
ing llic 1ul)i-s covered wldle lliey tire in the water 
ball.. This lias iirovenled crystallization of di- 
phcnrlamine. 

• Snmogyi, M., .T. mol. Chem.. 1930, 80, G55, 


may be some precipitation of diphenylamine. 
Read the samples in a photoelectric colorime- 
ter with a 640 filter or a spectrophometer at 
640 m^i. 

When 2 ml samples containing 10 to 60 
/(g of fructose or inulin in water solution are 
used, optical density plotted against concen- 
tration yields a straight line. This corres- 
ponds to a range from 5 to 30 mg per 100 ml 
of plasma since 2 ml of a 1:10 filtrate are 
used. Separate calibration cun'cs may not 
superimpose. Since the curves are straight 
lines, the inclusion of a standard with eadi 
set of determinations makes it possible to 
correct the values read from the calibration 
curve. 

Table I shows the optical densities ob- 
tained with various concentrations of fruc- 
tose, inulin and glucose. There is good agree- 
ment between samples of the same concentra- 
tion in any one heating batch (represented on 
a horizontal line). Within the range of con- 
centrations shown in Table I a given amount 
of fructose yields 64 times as much color as 
the same amount of glucose; this same ratio 
holds when fructose color development is com- 
pared with that of glucose in concentrations 
of 0.125 and 0,250 mg/ml (not shown in 
table). In our e.xperience the plasma glucose 
level of fasted subj<?cts does not depart more 
than 10 mg % from tlie blank value during 
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diphenyJamine described by Ihl.- The hexos- 
es when heated in the presence of strong acids 
form hydroxymethylfurfural and this in turn 
reacts to -form a colored condensation product 
with either resorcinol or diphenylamine. Al- 
though the ketohexoses react much more 
readily than the aldohexoses, glucose in the 
concentrations normally found in plasma will 
yield a significant amount of color. If the 
plasma glucose remains constant this error 
is eliminated by the use of a control blank. 
Since this is not generally the case, the usual 
procedure has been either to remove the glu- 
cose by fermentation or to determine it in each 
sample and make a correction. 

The amount of color produced by fructose 
or inulin as compared to that produced fay 
glucose varies somewhat ndth different meth- 
ods. Factors which influence this ratio are, 
(1.) acidity of the reacting solution, (2.) 
concentration of resorcinol or diphenylamine, 
(3.) duration of heating and (4.) tempera- 
ture at which the reaction is carried out. 
While a decrease in any of these factors will 
decrease the speed of the reaction, the glucose 
color production is diminished to a greater ex- 
tent than the fructose. Corcoran and Page,® 
using a diphenylamine procedure at 100°C, 
found a fructose to glucose color ratio of 40 
and say, “Error from this source is abolished 
by the compensating blank when blood glucose 
is constant, and the error amounts to only 0.5 
mg of levulose per 100 cc with glucose con- 
centrations varying 20 mg per 100 cc.” Using 
their method we have found the ratio to be 
between 20 and 25; Corcoran has recently 
informed us that they now find this lower 
ratio. Findley and White* found a ratio of 
25- since then it has been found to be more 
nearly 20. Harrison,® who has improved the 
technic by substituting glacial acetic acid for 
ethyl alcohol as the solvent for diphenylamine, 
does not state his ratio, but says, “It is 


I Seliwanoff, T., jSer, chcm. Gcs., 18S/, 1, 181. 

- Dll, A., Chcm- Zig., ISSa, 9, 4ol. 

3 Corcoran, A. C., nnH. Page, I. H., J. Biol. 

Exr. Bioc. .«n> 

5 Harrison, B. Uv -e'-" 

Jim, 1812, 49, 111. 


necessary to remove glucose from the blood 
plasma.” Using his method we have found 
the ratio to be 8. Roe, Epstein and Gold- 
stein,® using a resorcinol method, have recently 
reported a fructose to glucose color ratio of 
about 2000 at various concentrations of glu- 
cose; such a ratio would render any errors 
due to glucose fluctuations insignificant. AVe 
have not been able to confirm their finding. 
Using their method and working with aqueous 
glucose solutions containing 0.0625 mg/ml to 
to 0.5 mg/ml and with fructose solutions con- 
taining 0.005 mg/ml to' 0.03 mg/ml we have 
found the color ratio to be approximateh’ 50. 
Color productions by glucose and b\^ fructose 
are additive when the two sugars are de- 
lermined together. AA'’e have found also that 
the color produced by this reaction is quite 
sensitive to light, either artificial or daylight, 
and that there can be a difference of as much 
as 15^ between duplicates even when the 
samples are read within the 30 minutes 
recommended in their paper, unless special 
precautions are taken to maintain light expos- 
ure at a minimum and uniform for all samples. 

In an effort to find a set of conditions 
which would yield a high fructose to glucose 
color ratio we have tried many combinations of 
diphenylamine and HCl with different heat- 
ing times and temperatures. The folloiving 
procedure has produced the highest fructose 
to glucose ratio and yielded the best agree- 
ment between duplicates. .Although we have 
not been able to verify Roe, Epstein and Gold- 
stein’s exceedingly high color ratio, it still 
appears to be a satisfactoiy' method since even 
a ratio of SO is higher than with previously 
reported methods; in our hands it has jdelded 
accurate results when colored samples are 
protected from light. It is still felt, however, 
that die method presented here has some ad- 
vantages in that the color ratio is somewhat 
higher and the color produced is stable. It 
further avoids the unpleasantness involved in 
handling their highly concentrated HCl re- 
agent. 

Method. Reagent. Dissolve 3 g of diphenyla- 
minel in 100 ml of glacial acetic acid and add 

CRoe, J. II., Epstein, J. II.. anfl GohUteiti. X. I'., 

J. Biol. Chcm., 1918, ITS, 839. 
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TABI.E I. 


Optical Densities X 10^ Produced by Fructose, InuUn, and Glucose Solution. 




Fructose, p:g/2 ml 



Glucose, 
mg/2 ml 

1 

Fructose 


10 

20 

30 

40 

GO 

glucose 

1 


■±: ,5(6) 

222-+- .6(6) 

289 ±1.0(6) 

433 -+- 1.0(6) 



o 


142 zt -5(5) 

220 ± 1.0(6) 

2S5-+- .9(6) 

436 ± .8(6) 

lir± .7(4) 

62 

3 

S9 2:..5(3) 

147 ± .5(5) 

221 ± .7(5) 

291 ± .8(5) 

447 ± .5(5) 

114 ± .6(4) 

65 

4 

S2±.3(6) 

154 ± .5(5) 

236 ± .2(5) 

309 ± .9(4) 

460 ± .4(4) 

124 ± .5(3) 

63 

5 

77 :±: .5(3) 

148 ±.7(3) 

220 ± .7(3) 

294 ±1.0(3) 

448 ± .5(3) 

11S± .0(2) 

63 

G 

74 ±.3(3) 

152 ±.4(3) 

22S± 2.0(3) 

295 -+-1.0(3) 

445 ±1.0(3) 

114 ±1.0(3) 

66 

1 

72 ±.0(3) 

14S±.7(3) 

230 ±2.0(3) 

305 ±1.0(3) 

4.37 ±2.0(3) 

120 -+-1.0(3) 

63 




InuUn 

«g per 2 ml. 




S 



229 ±.7(10) 





9 


142 ± .7(6) 

204 ±.4 (6) 

284 ± .7(4) 

426 ± 1.0(6) 




The data of a horizontal line ivere obtained Tvith a single heating. The figure following the d: is 
S.E. for the samples of a given concentration in the same heating; the figures in parentheses give n, 
the number of samples. Ten 30 pg fructose samples run simnltaneonslv with the 10 inulin samples of 
line 8 gave an average optical density X 103 of 231 i O.S. indicating complete hydrolysis of the 
inulin. The inulin densities in line 9 are somewhat lower than those usually obtained bwause some 
diphcnylamine had precipitated after the reagent had stood 2 days in the refrigerator: simultaneous 
fructose determinations (not shown in table) wore also correspondingly low. 


60 ml of cone. HCl. This is the same reagent 
used by Harrison. Prepare fresh each dat" 
if kept in a refrigerator some of the diphenyl'a- 
mine will precipitate and it is difficult to re- 
dissolve it. Use of this reagent after partial 
precipitation of diphenylamine yields a cali- 
bration curve which is lower than one ob- 
tained with fresh reagent. 

Procedure. Pipette 2 ml of a 1:10 plasma 
filtrate" or appropriate urine dilution into a 
test tube 15 .\ 125 mm. Add 4 ml of diphenyla- 
mine reagent and j;z/.v me// with swrling. Since 
the reagent has a high viscosity, care must be 
taken that pipette drainage is adequate. For 
plasma determinations use as a blank 2 ml of a 
1:10 filtrate of plasma obtained just prior to 
the injection of inulin; 2 ml of water is used 
for urfne blanks. Place in a rack and heat 
in a water bath at 75°C for 60 minutes. The 
bath used had a thermoregulator sensitive to 
~0.T°C at 75”C: a mechanical stirrer insured 
uniform heating of all samples, the end 
of the healing period place rack in an ice 
bath for 1 to 2 minutes. If the tubes are 
kept too long at the lower temperature there 

t Since tills paper went to press we have been 
using 2..) g of diphenylamine and have been keep- 
ing the tubes covered while they are in the water 
hath. This h.as jireveuted ciystallization of di- 
I'heliyhiniinc. 

' 55omogyi, M., Biol. Clicni., 1930, 80, 635. 


may be some precipitation of dipbenj-lamine. 
Read the samples in a photoelectric colorime- 
ter with a 640 filter or a spectrophometer at 
640 m/i. 

When 2 ml samples containing 10 to 60 
ng of fructose or inulin in water solution are 
used, optical density plotted against concen- 
tration yields a straight line. This corres- 
ponds to a range from 5 to 30 mg per 100 ml 
of plasma since 2 ml of a 1:10 filtrate are 
used. Separate calibration curves may not 
superimpose. Since the curves are straight 
lines, the inclusion of a standard with each 
set of determinations makes it possible to 
correct the values read from the calibration 
curve. 

Table I shows the optical densities ob- 
tained with various concentrations of fruc- 
tose, inulin and glucose. There is good agree- 
ment between samples of the same concentra- 
tion in any one heating batch ( represented on 
a horizontal line), ithin the range of con- 
centrations shown in Table I a given amount 
of fructose yields 64 times as much color as 
the same amount of glucose; this same ratio 
holds when fructose color development is com- 
pared with that of glucose in concentrations 
of 0.125 and 0.250 mg ml (not shown in 
table) . In our e.xperience the plasma glucose 
level of fasted subjects does not depart more 
than 10 mg ^ from the blank value during 
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a clearance experiment; the fluctuation is usu- 
ally less than this. With a plasma inulin 
level of 15 mg % a 10 mg % departure from 
the blank ivould produce an error of one % 
in the inulin value determined. 

A series of determinations on different 
solutions containing both glucose and fruc- 
tose were run in the same heating batch with 
the corresponding separate glucose and fruc- 
tose concentrations. The ratios of the ob- 
served additive optical densities to the cal- 
culated were 0.993, 0.993, 1.003, 1.007, 1.015, 
0.994, 0.994, 0.985, 1.010, 1.006, 1.033, 
1.006, 1.020 and 0.987. 


Summary, A modification of Harrison's 
diphenylamine method for fructose or inulin 
determination is described, heating being car- 
ried out at 75°C for 60 minutes. With this 
procedure the ratio of fructose to glucose color 
production is 64, as compared with a ratio 
of 8 at 100°C for 30 minutes. Inulin hydrolysis 
is complete, the standard error of the method 
is less than 1 percent, the color is light stable 
and the low color production by glucose per- 
mits one to omit fermentation e.xxept in the 
presence of unusual glucose fluctuations. 

Kcceived August 28, 1049. P.S.E.B.M., 1949, 72. 


False Positive Trichina Precipitin Reactions in Neoplastic Disease. (17430) 


Chester M. Southam* Annis E. Thomson, and Joseph H. Burchenal 
(Introduced by C. P. Rhoads) 

From the Sloan-Ketteriitg Institute for Cancer Research, the Chemotherapy Scnicc of Memorial 
Hospital, and the Bureau of Laboratories, Department of Health, New York City. 


Because of high fever, palpebral edema, 
painful inflammation of feet and hands, and 
eosinophilia of S% in a child with atypical 
Ijunphosarcoma, a trichina precipitin test was 
performed. The reaction was strongly posi- 
tive in a dilution of 1:1280, the highest litre 
routinely tested. The clinical signs rapidly 
subsided during treatment with 4-amino- 
pteroylaspartic acid, a trichina complement- 
fixation test was negative, and x-ray examina- 
tion demonstrated lesions of bone of the 
“moth-eaten” type commonly seen in acute 
leukemia. Hence, although the precipitin test 
remained unchanged, there was no longer any 
clinical reason to consider a diagnosis of 
trichiniasis and it was felt that the trichina 
precipitin reaction was a false positive. 

This occurrence of an apparently false posi- 
tive trichina precipitin test in a patient with 
lymphosarcoma led to a study of sera from 
other patients with lymphosarcoma, Hodg- 
kin’s disease, leukemia, and oUier neoplastic 
diseases. Positive reactions were so frequent- 
ly'seen that it seemed desirable to report the 


T5;^^^7^nh^Vmeric..u Cancer Soc.ctv roe- 
nuneu<lea tl>e Cominittce on Grout), of the 
rational Research Council. 


phenomenon. 

Method. Sera were obtained from hospital- 
ized and clinic patients and personnel of 
Memorial Hospital. Three categories were 
studied; (1) those neoplastic diseases which 
involve principally the reticuloendothelial sys- 
tem (Hodgkin’s disease, lymphosarcoma, the 
leukemias, and multiple myeloma), (2) wide- 
spread metastatic disease of other tissue, both 
carcinomas and sarcomas, (3) apparently 
healthy controls. Group 2 was included as 
controls who showed advanced and debilitat- 
ing disease comparable to that seen in the 
first group. 

Precipitin tests were performed by the 
standard technic of the Bureau of Labora- 
tories of the New York City Department of 
Health. The antigen consisted of a saline 
extract of TrichtncUa spiralis lan’ae obtained 
from infected rat muscle by digestion with 
pepsin and hydrocliloric acid. Undiluterl 
senim was pipetted into small bore lest tubes 
and overlaid with antigen in dilutions of 
1:160, 1:320, 1:640, and 1:1280 on a basis 
of weight of dried larvae. A positive test was 
indicated by the formation, after two hours 
at room temperature, of an opaque ring. .4 
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TABLE I. 

Eesults o£ 171 Tricliina Precipitin Tests from I'lS Persons ITitii nud TVithout Neoplastic 
Disease. Numerals indicate numljer of patients, not number of serum samples. Figures in 
parentheses indicate patient on rvliom skin tests were done (all negative), and those in 
brackets indicate patients on whom coiiiplenieiit fixation tests were done (all negative). 


Diagnosis 


Total No. 
patients 


Trichina precipitin titre 

^ — 

Neg. 100 310 040 12S0 variable 


Hodgkin ’s disease 
Lymphosarcoma 
Acute leukemia 
Clironic lenkemia 
Multiple myeloma 
Nieman-Piek ’s disease 
Osteogenic sarcoma 
■Wilm’s tumor 
Ehabdomyosarcoma 
Bronchogenic carcinoma 
Cancer of breast 
Cancer of prostate 
” ’’tongue 
” ’’uterus 
Normal healthy adults 
Normal healthy children 


13 

14 
2.3 
13 

3 

1 

3 

1 

1 

3 

S 

5 

1 

o 

26 

9 


1 

5 

10 

10 

0 

1 


1 

4 

3 

1 

26 

9 


4 8[1](1) 

2 2 4[2] 

2 7(3) 

1 1 1 

1 

1 ( 1 ) 1 
1 

1 2 

1 1 


1 1 


1 

6 


1 


titre of 320 is generally considered significant 
for diagnosis of trichiniasis. 

Results. Tests have been done on 1 71 serum 
samples from 128 persons. Results are sum- 
marized in Table I. 

-All normal controls tested^ (26 adults and 
9 children) had negative reactions. 

Of 13 patients with Hodgkin’s disease, 12, 
in all stages of disease, had highly positive re- 
actions. The negative reactor was a 10 year 
old boy; all others were adults. Of 14 pa- 
tients with h'mphosarcoma, 5 had negative 
reactions. These 5 were all adults in good 
condition. Seven (including 4 children) had 
positive reactions in a high titre and all of 
these patients had terminal and rapidly pro- 
gressive disease. One case of lymphosarcoma 
in good condition and one in the terminal 
stage of the disease gave intermediate litres 
(320). Of 13 patients with chronic leukemia 
(7 myeloid. 5 lymphatic), only 3 had positive 
litres. Each of these was in the terminal 
phase of myeloid leukemia and showed a large 
percentage of blasts in marrow and peripheral 
blood. Results in 25 cases of acute leukemia 
were variable. Xine patients with acute leu- 
kemia had negative litres on all serum samples 

^ Twelve of the adult control sera were obtained 
liy Dr. .losepli .1. Bunim of The New York Uni 
YtTsitv Me<lical Scliool. 


tested, S had consistently positive litres, and 8 
had variable litres on serial specimens. Those 
who consistently had high litres all died with- 
out remission. Most patients who had hemato- 
logic remissions (on treatment with antagonists 
of pteroylglutamic acid) had either consistent- 
ly negative litres (5 patients), or on serial tests 
reverted from positive litres to n^ative (3 
patients). 

Xo generalization can be made concerning 
patients with other UTRS of neoplastic dis- 
ease. Of the 3 patients with bronchogenic 
carcinoma and 3 ivith osteogenic sarcoma who 
were tested, all gave high positive litres. Thir- 
teen patients were tested who had metastatic 
carcinoma of breast or of prostate. Only one 
of these had a high titre and 7 were negative. 
It is noteworthy (in view of the positive litres 
found in bronchogenic and osteogenic neo- 
plasms) that most of the patients with these 
2 diagnoses had metastases to bones or lungs 
or both. Other diagnoses are represented bj’ 
too few cases to merit discussion. 

Three sera showing highly positive precipi- 
tin litres (2 patients with li-mpbosarcoma and 
one with Hodgkin's disease) were tested by 
John Bozicevich of the X'ational Institutes of 
Health for compIeraent-fi.\'ing antibodies with 
trichina antigen. .All 3 were negative. Skin 
tests were performed with trichina antigen 
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diluted 1:8000 on 5 patients having strongly 
positive precipitin reactions. All ivere nega- 
tive (Table I). 

Discussion. The frequency of false-positive 
reactions in the presented data naturally 
raises questions as to the significance of these 
results, and the cause and mechanism of the 
reaction. 


Reliability of data. All tests ivere per- 
formed by one person (A.E.T.) and were 
done without any knowledge of the diagnosis. 
The reproducibility of results in serial speci- 
mens from many of the patients (chiefly 
those with Hodgkin’s disease, lymphosarcoma, 
and leukemias) indicate that the data as pre- 
sented are reliable. Thirty-six patients had 
at least duplicate tests and only 10 have 
showed variation of more than one dilution. 
Those who showed variation in litre also 
showed concurrent variations in the disease 
process. 


Reliability of the method. In established 
trichiniasis the precipitin test shows a fairly 
high degree of reliability. In recent acute 
trichiniasis most workers have reported over 
90% positive reactions (reviews of literature 
by Gould, ^ and b}’' Shookhoff et al.-). 

False positive reactions are knoiim to oc- 
cur, Gould^ reports 51 patients in whom 
trichina could not be demonstrated at autop- 
sy and in whom precipitin tests had been 
performed. Ten of these (19.8%) had a 
positive reaction at a dilution of 1:100. The 
diagnoses of these patients are not reported. 
Bachman ct al.^ studied 857 sera from an 
area where trichiniasis is not endemic and 
found 8.4% apparently-false positive tests in 
patients ivith a wide variety of non-neoplas- 
tic disease. .Augustine and Theiler-* in a simi- 
lar study found 18 apparently false-positive 

1 Gould, S. E., Immunologic re.-ictions in human 
helminthology, with spcci.al reference to trichinosis. 
(D S. thesis, tVayne hhiivcrsitv College of Medi- 
cine) Edwards Brothers, Inc., Ann Arbor, Jlich., 


lO'i*’ 

2 Shookhoff, H. B., Birnkrant. W. B., .and Green- 
berg M., dm. .7. PiiMir lleotth. 1940, 30, 1403. 
SBnehman, G. M'., Bodriguez-Molzn.a, 1?., .and 
X, X IbCO-e. 1034 20, 413. 
4 Augustine, B. L., and Theiler. H., ParM 
ogy, 1932, 24, CO. 


reactions (12%) among 115 patients and felt 
that the false positives were related to medi- 
cations (quinine, mercury, bismuth, and arse- 
nic). There was no apparent relation to 
these same medications in Bachman’s series. 
A single case of periarteritis nodosa reported 
by Reimann, Price, and Herbut^ showed a 
false positive trichina precipitin test. Bassen, 
Thomson, and Silver*^ reported false positive 
precipitin tests in 5 cases of infectious mono- 
nucleosis. 

Significance of present data. It is not prob- 
able that the reactions reported here indicate 
subclinical trichiniasis. No historj^ suggestive 
of trichiniasis was elicited from any patient 
e.xcept the first patient tested. The available 
evidence indicates that the trichina precipitin 
■test remains positive for only 2 to 3 years 
after infection, whereas skin reactions are 
more persistent.^ In contrast to this, in the 
present study precipitin tests were positive, but 
skin tests and complement fixation tests were 
negative. Trichiniasis is rare in children,* 
while in the present study 14 of 21 children 
with leukemia or lymphosarcoma had high 
litres. Furthermore, if the present results 
were due to unrecognized trichiniasis an equal 
distribution of positive reactions would be 
expected in all diagnoses. 

The major import, then, of the present 
study is that the trichina precipitin reaction 
is invalid as a test for trichiniasis in patients 
with certain neoplastic diseases, especially 
Hodgkin’s disease, lymphosarcoma, and acute 
leukemia. The data also imply the possibility 
that this phenomenon might be utilized in 
prognosis, but the investigation has not yet 
proceeded far enough to permit valid discus- 
sion of such a possibility. 

Indications at present suggest that the 
positive reactions are related in some way 
to the neoplastic process. There has been no 
correlation between positive precipitin reac- 
tions and fever or eosinophilia. The infre- 
quency of positive reactions among patients 
wfilh advanced carcinoma of the breast or pros- 
tate and the frequency of positive tests among 

.'•Reinmnn, il. A , Prjer, A. JI., niiil Ilcrbut, 

P. A., 1943, 122, 274. 

« B.'i.':?on, F. A., Tliotnpon. .1. E., .mtl Silv< r, 

A.. .1. niiri Clin. .Mril, 1949, 34, .'i43. 
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patients in good condition with Hodgkin’s dis- 
■ease, make it unlikely that the positive reac- 
tions reflect merely debilitation. There have 
been no changes in litres in serial specimens 
which would suggest that the presence in the 
serum of folic acid, folic antagonists, or nitro- 
gen mustards cause the positive reactions. 
IMany highly positive reactions were observed 
in sera obtained before any treatment had 
been given. The addition of folic acid 
(pteroylglutamic acid) or 4-amino-pteroyI- 
glutamic acid (10 y/cc) to serum having a 
negative precipitin reaction did not change the 
reaction. 

Mcchamsm oj the reaction. The cause of 


these false positive trichina precipitin reac- 
tions is not known. 

Summary. Patients with certain neoplastic 
diseases involving the reticuloendothelial sys- 
tem (Hodgkin’s disease, lymphosarcoma and 
acute leukemia) exhibited a high percentage 
of false positji'e trichina precipitin reactions. 
Such reactions were much less frequently en- 
countered in sera from patients with metastatic 
carcinomas and no positive reactions were ob- 
sen'ed in the normal controls. The false- 
positive reaction does not appear to be related 
to medication. 

Iteccivwl August 30. 104P, P.S^.E.B.^t.. 1949, 72. 


Tissue Distribution and Elimination of DDD and DDT Following Oral 
Administration to Dogs and 'Rats.^ (17431) 

J. K. Finnegan, H. B. Haag and P. S. L-arsq.v 
Front the Department of Pharmacology, Medical College of Virginia, Richmond, I'a. 


•Although the tissue distribution of ingested 
DDT ( 2 ,2-bis- (p-chlorophenyl) -1 ,1 ,1-trichlor- 
oethane) has been reported by several work- 
ers, in most cases with particular reference 
to its storage in fat, similar data concerning 
its analog, DDD (2,2-bis-(p-chlorophenjd)-I, 
I-dichloroethane), is limited.® 

The increasing agricultural use of DDD 
(Rhothane) against insect pests infesting fruit 
and vegetable crops makes desirable further 
knowledge concerning its tissue distribution 

‘ Tlicse studies "ere supported by a grant from 
tlie EoUm and Haas Company, Pliiladelpliia, Pa. 

1 Lang, E. P., and Fitzhugh, O. G., J. Pharm. 
Prp. Thcrap., 1940, 87, 18. 

~ Kunze, F., Nelson, A. A., Pitzhugli, 0. G., and 
Fang, E. P., Fed. Proc., 1949, 8, 311. 

3 M oodard, G., Ofner, E. E., and Montgomery, 
C. M.. Science, 1945, 103, 177. 

'‘Telford, 11. S.. and Guthrie, J. E., Science, 
1945, 102, C47. 

r> Woodard, G., Davidow, B., and Nelson, A. A., 
Fed. Prac., 194S, 7, 200. 

« SmVlti, M. I., and Stohlnian, E. F., Pub. Health 
r.cp., 1044, 59, 9S4. 

~ Stohlman. E. F.. and Smith, Jt. I., . 1 . pharm. 
prp. Thcrap.. 194.1. 84. 375. 


following ingestion. .Although it has been 
demonstrated that DDD is less toxic on both 
an acute*'*- and chronic'®’**'*- basis than is 
DDT, it has not as yet been made clear 
whether this difference is attributable to DDD 
being inherently a less toxic molecule, or 
whether it is due to differences in absorption, 
storage or e.xcretion. 

In an attempt to clarify this question of 
absorption, storage and excretion of DDD, 
the following e.xperiments were done: 

Experimental. Dogs. Ten female dogs were 
used, 5 receiving DDD and 5 DDT in a dose 
of 25 mg per kg daily e.xcept Sunday, for a 
maximum period of 4 weeks. The insecticides 
were administered oralh- once daily in the 
form of a 10% solution in corn oil in gelatin 
capsules at the time of the daily feeding. 

S von Oettingcii, W. F.. .aud Sharploss, N. E., 
J. Pharm. Eip. Thcrap., 194G, SS, 400. 

11 Haag. II. B., Finnegan, J. K.. Larson, P. S., 
Dreyfuss, M. L., Main. E. J., and Eieso, W., M. 
Med., 194S, 17, 477. 

12 Smith, M. I., Bauer, EC., Stohlman, E. F., and 
Lillie, E. D.. J. Pharm. pTp. Thcrap., 194C, SS, 
359. 
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_ _ „ TABLE I. 

DDL fmcl DDT Content of Tissues of Dogs to Which the Insecticides Had Been Administered Orallv 
Daily for Periods of 2 and 4 Weeks. 


Insecticide content, mg per kg of tissue 


Insecticide 



DDD 





DDT 



Duration 

2 wks 


4 wks 


s' 

2 

wks 


4 wks 


Dog No. 

D-4 

D-5 

D-l 

D-2 

D-s' 

T-4 

T-5 

f 

T-1 

to 

T-s' 

Liver 

0 

0 

1.0 

0 

24 

0 

0 

0 

0 

0 

Kidney 

15 

4.3 

13 

14 

15 

4.9 

0 

14 

7.2 

o.c 

Heart 

3.8 

0 

11 

12 

13 

0 

3.4 

4.9 

8.1 

3.4 

Brain 

0 

0 

3.5 

4.1 

5.2 

1.3 

0 

2.5 

3.9 

1.2 

Lung 

0 

0 

1.9 

3.9 

lost 

0 

0 

0 

0 

0.S 

Pancreas 

0 

0 

8.9 

29 

12 

0 

3.4 

14 

9.4 

8.8 

Spleen 

0 

1.7 

0 

12 

4.7 

0 

0 

O O 

3.6 

0 

Adrenal 

0 

0 

150 

0 

210 

0 

0 

83 

63 

62 

Eat 

76 

270 

880 

360 

300 

29 

100 

910 

400 

200 

Muscle (gastroc.) 

7.C 

5.2 

lost 

20 

28 

8.4 

5.0 

12 

14 

IS 

Skin 

90 

7.2 

28 

128 

18 

82 

73 

0 

0.4 

3.0 

Mammary gland 
Fecal excretion 
mgAg body wt, 






” 


2 

21 

48 hr 

0.9 

4.2 

3.9 

2.2 

3.9 

lost 

0.03 

0.01 

0.5 

0.8- 


Twenty-four hour urine samples were taken 
at the end of the first, second, and fourth 
weeks for subsequent analysis for DDD, 
DDT, or their acid end-product, DDA (2,2- 
bis-(p-chlorophenyl) acetic acid). The total 
feces of each dog was collected over the 48 
hour period just prior to the time of sacrifice 
for similar chemical analysis. 


At the end of 2 weeks, 2 of the dogs in 
each insecticide group were sacrificed, the 
remaining dogs being sacrificed at the end 
of 4 weeks. Samples of the tissues listed in 
Table I were removed, frozen quickly in a 
drj"-ice-alcohol mixture and preser\'ed in the 
frozen state for subsequent analysis for DDD 
and DDT. In the case of 2 dogs receiving 
DDT that were lactating at the end of the 
experiment a sample of mammary gland tissue 
was similarly prepared. Because the presence 
of blood in the tissue sample appears to inter- 
fere with the analytical procedure used, as 
much as possible was removed (ca. 90fo as 
determined by hematocrit) from the circula- 
tion by saline perfusion before death. 

Durin" the course of the experiment. 3 of 
the do«s bore litters. One of the 4-week DDD 
do-^s (D-1) bore 5 premature stillborn^ pups 
13°davs after beginning of the experiment. 
All of these were frozen whole for subsequent 


TABLE II. 

DDT Content of Pooled Organs from Pups Nurs- 
ing from Mothers Receiving D.aily Doses of DDT 
Orally. 


DDT, mg per kg organ weight 


Tissue 

4 pups from T-3 
(2 d.ays old) 

3 pups from T-. 
(2 wks old) 

Liver 

220 

0.51 

Kidnev 

0.3 

8.3 

Heart 

0 

10 

Lung 

3.5 

1.3 

Brain 

0 

0 

Skin 

26 

12 

Fat 

205 

0 

Pancreas 

149 

46 

•Spleen 

9.S 

0 

Muscle 

8.4 

5.S 


chemical analysis. On the same day. one of 
the 4-week DDT animals (T-1) bore 5 pups, 
2 of which were sacrificed as soon after birth 
as they were discovered and frozen whole. 
The other 3 were sacrificed at the end of 
the e.xperiment and the organs listed in Table 
II removed, pooled as to organ and frozen. 
.Another 4-week DDT dog (T-3) bore 6 pups 
2 days before the termination of the e.xperi- 
ment. Two were killed and frozen whole 
before having an opportunity to nurse: the 
other 4 were killed at the end of the e.xperi- 
ment and the same organs removed, pooled 
and frozen. Because of their small size, no 
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attempt was made to perfuse out the blood 
of the pups. 

Rats. The rats used in this e.^eriment were 
sun'ivors from a series of animals that had 
been subjected to a 2-j^ear feeding program 
comparing the chronic toxicity of DDD with 
that of DDT. Finely ground Purina Dog Chow 
sen-ed as the basic diet, and into this was 
incorporated predetermined amounts of 5 or 
lOfo DDD or DDT in PjTaxf to achieve 
the dietarj" concentrations listed in Table III. 
Only analj'ses of the fat were done on these 
animals. 

All DDD, DDT and DDA determinations 
were done according to the Schechter-Haller 
method.®-^® 

Results aud Discussion. Dogs. Table I 
shows the amounts of DDD and DDT in mg 
per kg of organ weight found in the tissues of 
the treated animals. 

It will be noted that in the animals sacri- 
ficed at the end of 2 weeks the fat and the 
skin were the main sites of storage of both 
DDD and DDT. Sluscle and kidney showed 
a measurable level of both insecticides, how- 
ever, the other tissues that were studied 
showed either none or ver3' small amounts. 

In those animals sacrificed at the end of 
4 weeks the fat, again, showed the highest 
content of both DDD and DDT, whereas, the 
skin content, which was relatively high for 
both insecticides at the end of 2 weeks, was 
found to be low in the case of the DDT 
animals. This lower skin content of DDT 
may be related to the body weight loss and 
resultant probable decrease in cutaneous fat 
content incurred by this group. 

It seems that, in general DDD and DDT 
were deposited in fat to a similar degree. This 
is in agreement with the thesis of von Oettin- 
gen and Sharpless® that since the 2 com- 
pounds have similar solubilities in olive oil 
they would probably be stored to about the 
same degree in fat. 

The other tissues in which little or no insec- 
ticide was found at the end of the 2 week 

t A ju nijiliylite diluent. 

t'Ofner, R. R.. .und Cnlvcry, H. 0., J. Fharm. 
Fxp. Tlirrap., 1945, 8o. 303. 

m Sclicclitor. M. S.. .und Ilallcr, IT. I.., J. Jm. 
Clicm. 1944 . 00 , 2129 . 


period contained definite quantities of DDD 
or DDT at the end of 4 weeks. This is partic- 
ularlj' noticeable in the case of the adrenal 
gland and is most apparent here in those 
animals which received DDD. This latter 
observation is of interest in relation to the 
adrenal cortical atrophy that has been de- 
scribed in dogs receiving DDD orally®-^® and 
which has also been noted in this laboratoiy 
(unpublished). 

.Analysis of the pooled carcasses of the 5 
stillborn pups from one of the 4-week DDD 
dogs (D-1) showed a content of 3.7 mg per 
kg DDD. Similar anah'ses of indhadual car- 
casses of the 2 newborn pups from dog T-I 
and the 2 newborn pups from dog T-3 (both 
4-week DDT dogs) gave ai'erage values of 
1.3 mg per kg for the first pair and 0.04 mg 
per kg for the second. It was thought that 
the latter result was low owing to possible 
loss of part of the sample. These results 
demonstrate transfer of both DDD and DDT 
across the placenta. 

Table II shows the amounts of DDT 
stored in the pooled organs of pups that were 
bom to 2 of the dogs (T-1 and T-3) during 
the feeding period and nursed for the remain- 
der of the time until the end of the e.xperiment. 
It will be noted that the pups from dog T-3, 
which were 2 days old at the time of sacrifice, 
showed high levels of DDT in the liver, skin, 
fat and pancreas, whereas, those that had 
nursed for a period of 2 weeks (pups from dog 
T-1) showed much lower levels in these 
tissues, and. with the e.xception of heart tissue 
and perhaps kidney, showed lower levels in 
all other organs e.xamined. This again seems 
indicative of a high degree of placental trans- 
fer of DDT and further suggests that the 
fetus is more liable to the accumulation of 
DDT than is the suckling offspring, despite 
the fact that DDT has been shown to be 
secreted in the milk.®'^ 

Included in Table I are data showing the 
amounts of the insecticides e.xcreted in the 
feces in the 48 hour period just prior to sacri- 
fice. Fecal excretion, in ail cases, represented 
but a small proportion of the amount of the 

a. a., nnd Woodard, G.. Pror., 

194S, 7, 27G. 
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TABLE III. 

Averages of Fat Analyses for DDD and DDT in Bats at the End of Two Year Feeding. 


Insecticide 

Dietary concentration 
parts per million 

Ko. of r.ats 

Content of DDD or DDT in 
body fat, mgAg 
(Avg and range) 

DDD 

150 

3 

220 (180-250) 


300 

7 

270 (140-830) 


600 

4 

480 (110-950) 


900 

4 

350 (280-500) 


1,200 

10 

420 ( 60-790) 


1,800 

5 

310 (210-430) 


2,500 

5 

6S0 (320-940) 


3,750 

1 

1,290 

DDT 

150 

3 

2,070 (400-5,100) 


300 

5 

470 (240-690) 


GOO 

1 

340 


insscticide administered during that period. 
It is apparent that DDD is uniformly ex- 
creted to a greater degree in the feces than 
is DDT. 

In contrast to the findings of Smith ct 
that orally administered DDT is excreted in 
the urine of rabbits, it does not appear to be 
excreted in the urine of dogs. Neither does 
the dog appear to excrete DDD by the way 
of the kidney. However, DDA appears to be 
a urinary end-product common to both insec- 
ticides in dogs. Thus the average 24 hour 
excretion of DDD as DDA was 0.63 mg per 
kg body weight at the end of the first week 
of administration, 0.50 mg at the end of the 
second week, and 1.25 mg at the end of the 
fourth week. In the case of DDT, the DDA 
excretion figures were 0.13 mg, 0.12 mg, and 
0.17 mg per kg body weight at the end of the 
same intervals. These figures also indicate 
that the rate of DDD excretion in the form 
of DDA is greater than in the case of DDT. 

Rats. It is apparent from Table III that 
both DDD and DDT are stored in consider- 
able amount in the fatty tissues of the rat. 
Among the DDD-treated animals there ap- 
pears °to be a tendency for deposition of 
{Q increase with its increasing dietary 


content, although this is not entirely consis- 
tent. The number of animals and dietary 
levels studied using DDT was too limited to 
permit similar comparisons. 

Comlmiom. 1. DDD and DDT when ad- 
ministered orally are stored in tlie tissues of 
the dog, the greatest storage appearing in the 
fat. 

2. Similarly DDD and DDT are both stored 
in the fat of the rat. 

3. Both DDD and DDT are transported 
across the placental barrier in the dog. 

4. In the dog, a small proportion of orally 
administered DDD or DDT is excreted in the 
feces. Of the 2, DDD appears in greater 
amount. 

5. When administered orally to the dog, 
neither DDD nor DDT are excreted as such 
in the urine. DDA is a urinary end-product 
conunon to both DDD and DDT. appearing in 
greater amount following DDD administra- 
tion. 

We wish to extend our tlianks to Dr. E. L. Stan- 
ley of the Eohm .and Haas Company for perform- 
ing the analytical procedures connected with this 
study. 

Eeceived September 1. 19-19. P.S.E.B.M., 1919, <2. 
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A. J. Greenberg and F. W. Hoffbader (Introduced by C. J. Watson) 
from the Department of Medicine, University of Minnesota Medical School, Minneapolis, Minn. 


Massive hepatic necrosis in rats maintained 
on diets low in sulfur containing amino acids 
has been well described by Himsworth and 
GK-nn.^ This is a rapidly fatal disease which 
appears suddenly in a hitherto healtht' animal. 
The lesion has been produced by feeding diets 
deficient in cystine and methionine where all 
of the nitrogen was supplied by other amino 
acids." Hock and Fink® and Himsworth and 
GUmn' regularly observ'ed hepatic necrosis on 
diets containing yeast as a sole source of pro- 
tein. Recently Gyorgj^ has described the 
regular production of this lesion when a cer- 
tain type of yeast was employed as the pro- 
tein source. The suddenness with which ill- 
ness and death appear in such animals has 
been well documented®-® and no satisfactory 
biochemical means of predicting the onset of 
this lesion have been described. The present 
studi'' was undertaken to determine whether 
or not an increase in the urinary e.vcretion of 
coproporph\min might herald the development 
of massive hepatic necrosis. 

The urinary e.vcretion of coproporphyrin in 
liver disease has been discussed in recent re- 
views.*’® An increase of urinary copropor- 
phyrin is frequently regarded as a sensitive 

* This investigation tv.is supported in part by 
the Commission on Liver Disease, of the Army 
Epidemiological Board, Office of the Surgeon Gen- 
eral. Washington, D.C. 

r Himsworth, H. P., .md Glynn, h. E., Clin. 
Science, 1944, 3, 93. 

2 Glynn, L. E., Himsworth, H. P., and Xeuber- 
ger, .V., Brit. ,T. Exp. Path., 1945, 2C, 326. 

SHoefc, A., and Fink, H., Z. Physiol. Chem., 
1943,27-1. 1S7. 

* Gyorgy. Paul, Liver Injury, Tr.ansactions of 
the Eighth Conference. Josmh Maey Jr., Founda- 
tion, New li ork, 1949, in press. 

t- Himsworth, H. P., The Liver and Its Diseases, 
Oxford, 1947 , Blackwell Scientific Publications. 

«Dent, C. E., and Bimington, C., Biochem. J.. 
1947,41,253. 

r Dobrincr, K., and Rhoads, C. P., Phmiol Pur 
1940, 20, 416. 


index of liver functional impairment. Clinical 
applications have been recently described by 
Watson and his associates® with particular 
reference to the distribution of the tipe I 
and ti-pe HI isomer. 

Gljmn, Himsworth and Neuberger® stated 
that in the course of their studies on massive 
hepatic necrosis, the urines from certain 
groups of rats had been e.vamined for por- 
phyrins. Xo significant increases were found ; 
the actual values obtained were not presented. 
Dent and Rimington,® during their attempts 
to produce acute hepatic necrosis, observ'ed 
the rapid development of porphvTinuria in 
rats fed a diet which included oxidized casein. 
Although the diets were devoid of methionine 
and contained verj’ little cystine, the rats 
failed to develop acute necrosis of the liver. 
This study, however, left unanswered the 
question raised above, viz: whether a height- 
ened e.\'cretion of coproporphwin might pre- 
cede the manifestations of massive liver ne- 
crosis. 

Methods. The diet employed in this e.x- 
periment was identical uith those employed 
b}’- Gyorgy.^ t The composition of the diet 
was powdered yeast, t 18%, cornstarch, 79% 
and salt mixture, 3%. Each animal received 
8 g of the mixture per day. Each daily por- 
tion was supplemented with O.S cc of peanut 
oil and 2 drops of cod liver oil. Daily, each 
rat received 1.0 cc of a solution containing 
thiamine chloride 20 y, calcium pantothenate 
100 y, pyridoxine 20 y and ribofla%’in 25 y. 

The rats were maintained in individual 
cages. Weights were recorded once each week. 

S Watson, C. J., and Larson, E. A., Physiol. Pee., 
1947, 27, 47S. 

9 Watson, C. J., H.awkinson, V., C.apps. R. B., 
and Rapp.aport. E. If., J. Clin. Inrc.st., 1949, 28, 
621. 

f The initial supply of yeast employed in these 
studies was made available to us by Dr. Gyorgy. 

t "Kiln dried baking yeast," United Yeast Co., 
Ltd.. 241 City Road, London E.C.I. 
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Food was supplied, in weighed amounts, every 
2 days and water was allowed freely. Urine 
and feces collections were made for 48 hour 
periods at various inten^als during the course 
of the study. During the collection period 
the rats were housed in individual plastic 
cages with glass rod bottoms. These cages 
were suspended over large glass funnels with 
5 cm openings at the tapered end. Satisfac- 
tory separation of urine and feces, with little 
or no contamination, was accomplished by 
means of a specially devised glass tube at- 
tached to the lower end of the funnel. This 
successfully collected the urine at the side, 
where it drained into a tube, and permitted 
the feces to drop straight through into a 
separate container. The precaution of em- 
ploying only glass and plastic in these devices 
•was deemed necessary to prevent any contact 
of the urine with metal. We have noted the 
formation of metal porphyrin complexes dur- 
ing other studies when metal cages were 
employed, as have others also.® The collec- 
tion periods were interrupted for 60 minutes at 
the end of the first 24 hours to permit feeding. 
An average of 3 to S cc of clear urine was 
obtained during each 24 hour period from 
rats weighing 40 to 90 g each. The sides of 
the funnels were washed down with 10 cc of 
water at the end of each collection period. 
The urine plus the washings were then re- 
frigerated. The coproporphyrin analyses were 
carried out on the total 48 hour urine and 
fecal collections within 12 hours of the final 
collection time. 

The estimation of the fecal coproporphyrin 
was conducted according to the method of 
Schwartz and Zagaria.^® This method was 
slightly modified to permit its use in the 
analyses of the urine samples. During the 
analyses of both urine and feces, the initial 
Sf'o HCl samples were each diluted to OAfe 
and - extracted exhaustively with chloroform 
to remove protoporphyrin and deuteropor- 
phyrin. The completeness of the separation 
of the coproporphyrin from these two por- 
phyrins was checked by e.xamining the chloro- 
form washings under the ultra-violet light. 


The coproporphyrin was quantitated by read- 
ings in the fliiorophotometer (Lumetron) us- 
ing a solution of 1 /ig of coproporphyrin per 1 
cc as the standard reference. 

Estimation of the coproporphyrin isomer 
content was performed by pooling the Ifc 
HCl fractions from 3 urine or 3 fecal collec- 
tions. Procedure B of the method described 
by Schwartz and his co-workers'^ was em- 
ployed for the determination of the percen- 
tage of isomer I and III. 

Results. Experimental observations were 
made on 2 1 rats whose initial weights ranged 
from 36 to 88 g. The data obtained is 
summarized in Table I. Fourten of the rats 
died spontaneously between the 30th and 
12Sth day. Each of these animals exhibited 
the characteristic gross and microscopic find- 
ings of acute massive hepatic necrosis as de- 
scribed and illustrated by Himsworth.® Rep- 
resentative specimens are shown in Fig. 1 and 
2. In most instances the rats were found 
dead; in a few instances the abrupt change 
from an apparently normal healthy status to 
a moribund one was observed in a matter of 
a few hours. Occasionalh' convulsions pre- 
ceded death. No attempt was made to ad- 
minister glucose solution, though hypoglj'- 
cemia has not been excluded as a possible 
cause of the terminal convulsive seizures. 

The remaining 7 animals were sacrificed 
after 41, 51 and 59 days as shown in Table I. 
In no instance in this group was it possible to 
detect gross or microscopic changes in the 
liver. 

The data relating to the urinary and fecal 
coproporphyrin excretion is shown in Table 
I. Because of other experiments it was not 
possible to house the animals in the special 
collecting chambers all of the time; random 
samplings were therefore obtained. Control 
values for 48 hour collections of urine and 
feces in 6 rats maintained on a diet of fox 
chow just before the start of this experiment 
are shown in Table I. An additional 6 rats 
of similar weight and maintained on a similar 
control diet revealed urinary values of 4 to 
20 y of coproporphyrin and fecal values of 


S., ana Zag.-.ria, B., NetnUurgical 
aboratory Report CH-3600, Cl.icago, 1946. 


II SeliAvartz, S., Hawkinson, V,, Coiien, S., and 
Watson, C. J”., 1947f 1G8, 133, 
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A 


Fig. 1. 

Gross appearance of rat liver showing massive 
hepatic necrosis as contrasted with unaffected 
experimental animal and a normal control, photo- 
graphed after 4 hours fixation in formalin. The 
dark areas in the right hand specimen represent 
e.xtensive areas of hemorrhagic necrosis (rat 56, 
death on 41st day). The center specimen (rat 51, 
sacrificed on 41st daj’) revealed no evidence of 
necrosis. The specimen to the left was taken from 
a normal animal of similar weight. 

6 to 13 y for 48 hour periods. 

It is apparent from these data that no sig- 
nificant increases in the urinary excretion of 
coproporphyrin occurred in these animals. 
Rat 56 died suddenly during the second 24 
hours of the collection period. The urinary 
and fecal values obtained during the first 
period (Table I) were not elevated. Estima- 
tion of the coproporphyrin isomer content was 


made in pooled samples of the materia! under 
study. Eighty to 90% of the coproporphyrin 
present behaved as the type III isomer by 
the differefitial precipitation “fluorescence 
quenching” technic.*^ A similar finding was 
noted in urine and fecal samples from the 
normal rats. 

As has also been noted by others,*'® a few' 
of the animals in this study exhibited traces 
of bilirubin in the urine one or tw'o days before 
death but this was not common or constant. 
No increases in urobilinogen w'ere observed; 
urinary amino acid e.\'cretion was not studied. 
A few' specimens of urine were examined for 
the presence of homogentisic acid with nega- 
tive results. The presence of this or a closely 
related substance in the urine of rats develop- 
ing hepatic necrosis was observed by Glynn, 
Himsworth and Neuberger.- This occurred 
in rats fed an amino acid diet deficient in 
cystine and methionine. The question as to 
whether or not not renal damage might have 
prevented the excretion of pathological 
amounts of coproporphyrin may be raised. 
Histologically the kidneys of these animals 
appeared normal. 

The excretion of excessive amounts of copro- 
porphyrin III in the urine of humans is a 



Fig. 2. 

Pliotoniicrogr.nph, Uver, r.it 56, are.-is of necrosis in contr.-ist witli 
aDOearing liver cells, are shown in this section. In most see- 
extensive. (H .niul E X r23). 
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frequent accompaniment of chemical or heavj' 
metal toxicity, with or without evidence of 
hepatic functional impairment.®-® The failure 
to observe excesses in this experiment is in 
better agreement ivith the belief that the acute 
massive hepatic necrosis is not due to a 
chemical or poison. The histologic appearance 
of these livers suggests that the lesion de- 
velops very rapid!}' since there appears to be 
little evidence of antecedent damage as judged 
by infiltration or any attempt at a reparative 
process. 

Summary. 1. The urinary and fecal excre- 
tion of coproporphyrin was studied at variing 
intervals in 21 young rats maintained on a 


diet containing 18% j'east as a source of pro- 
tein. 

2. Fourteen of the rats died suddenly be- 
tween the 30th and the 125th day of acute 
massive hepatic necrosis. The gross and mi- 
croscopic findings were identical with those 
described by Himsworth as characteristic of 
this lesion. 

3. iSio significant increase in the excretion 
of coproporphvTin was observ'ed during the 
course of these experiments. This is believed 
to minimize the likelihood of chemical or 
metal toxicity as the cause of the necrosis. 

Bcceived September 1, 1949. P.S.E.B.M., 1949, 72. 
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.\ureomycin’ and Chloromycetin®-® are anti- 
biotics which have a similar spectrum of ac- 
tivity that includes many bacteria, rickettsias 
and viruses of the psittacosis-lymphogranu- 
loma venereum group. With respect to psit- 
tacosis, Wong and Cox* found aureomycin to 
be highly effective against infection of em- 
bryonaled hen’s eggs with the 6BC strain, and 
Smadel and Jackson,® using the same strain, 
demonstrated similar beneficial effects from 
Chloromycetin. The conditions of the e.xperi- 
ments of these 2 groups of workers, however, 
were not entirely comparable. It seemed of 

* Aided by n gr.-int from tbe fnited States Pub- 
lic Healtli .Screicc, 

t Researob Fellow in Virus Diseases, Nation.al 
Ri-seareU Council, 

' DuREar, B. M., and others, Ann. X. 1'. Acad. 
Sri., ims, 51, 17.1. 

-Gottlieb, D., Bhattaebaryya, P. K., Anderson, 
n. W., and Carter, H. E.. J. Bad.. 1948, 35, 409. 

Kmitli, R. M., d a!., J. Bad., 1948, 55, 42r>. 

WniiE. s. C., and Cox. H. R., Ann. X. 3‘. Acad. 
Sd.. 194S, 51. "90. 

•"Smndel, .1. Y.., and .lacbson, E. B., Seimec, 
l.niT, 100, 41S, 


interest, therefore, to make a direct compari- 
son of the effects of these 2 agents under 
more nearly identical conditions. Such a 
comparison is reported in this paper. 

Materials and methods. A uniform source of 
virus for the present e.xperiments was ob- 
tained in the following manner: A stock yolk- 
sac suspension of the 6BC strain of psittacosis 
virus was injected into the yolk sac of a num- 
ber of 7-day chick embryos which were then 
incubated at 35°C. On the 5th day, when 
deaths began to occur, the yolk sacs were 
harvested and pooled. An equal volume of 
broth was added and the mixture homogenized 
in a Waring blendor. The resulting 50% 
yolk sac suspension which, on culture, was 
found to be free of bacterial contamination, 
was distributed in sealed pyrex ampoules, 
quick-frozen and stored at -76°C. The LD,-,o 
of this suspension was about lO-® throughout 
these e.xperiments. Yolk sac smears of in- 
fected embr}-os stained by Macchiavello’s 
technic showed numerous characteristic ele- 
mentary bodies. 

.A fresh solution of cn'Stalline aureomvein 
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hydrodiloridet was prepared just prior to use 
in each experiment. A solution containing 
8 mg of aystalline chloroamphenicoW (Chloro- 
mycetin) per ml was made, also in broth, but 
this w-as heated to 100°C for IS minutes and 
and then stored at 4°C for use in 2 or 3 ex- 
periments. The Chloromycetin remained in 
solution throughout this study and retained 
its potency when assayed against a standard 
test organism. Both antibiotics were diluted 
for use so that the desired dose was contained 
in 0.25 ml of broth. 


All inoculations were made into the 3 mlk 
sac of 7-day-old embryonated eggs. In each 
experiment, groups ol 6 to 12 eggs per dose 
w'ere each injected with aureomj'cin in 
amounts ranging from I.O mg to 0.0625 mg 
and comparable groups were inoculated with 
similar amounts of Chloromycetin. These eggs 
were then inoculated with a dilution of 
the virus suspension. A titration of the virus 
was included in each experiment and this 
inoculum was regularly found to contain about 
lO^LDso. The time elapsed betiveen injections 
of drug and virus was about 45 minutes. Un- 
infected drug controls and untreated virus- 
infected controls were each given a second 
injection of plain broth. The eggs were in- 
cubated at 3S“C; the\' were candled and the 
deaths noted daily for 12 days, after which 
the e.xperiment was terminated. Deaths oc- 
curring before the third day were considered 
traumatic. The dose of drugs that protected 
50% of embryos (PD 30 ), and the LDao were 
calculated by the method of Reed and 
Muench."^ This method w^as also used to 
calculate the day when 50% of the embryos 
died (DDso).'i 

Results. Similar results were obtained in 
6 separate e.xperiments. The data for all 6 
experiments have been combined in Table I. 

m sterile -v-tals 'by the Lederle Lab- 


or.atories. 

^Parnished by the Department of Clinical In- 
vestigation, Parhe, Davis and Co. 

CBeed, L. J., and Mnench, H., Am. J. Hyg., 


S8,3T,493. 

1 Tliis method was chosen in preference to the 
lal calculation for “mean day of death” in 
ler to avoid the error introduced by the em- 
•os which survived at the end of the experiment. 
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AUREOMYCIX AND CHLOROMYCETIN ON PSITTACOSIS 


TABLE II. 
Protective Dose., 


Days after infection 

< , 1 » • » , ' 
Aureomycin Cliloromyeetin 

LDjo of infecting dose* 


.09 

0.36 

l.S X 104 

S 

.20 

0.61 

S.5 X 104 

9 

.31 

>1 

3.1 X 105 

10 

.42 

>1 

6.2 X 103 v 

11 

.51 

>1 

9.6 X 105 

12 

.62 

>1 

>100 


* The number of LD,-,o contained in the infecting dose lyil! vary according to the time of 
observation ; and the figures in this column indicate the apparent number of LDju on the days 


indicated in the first column. 

The infected and unprotected control em- 
brj'os all died between the 4th and 6th days. 
The DD.-,o for this group was 4.6 daj’S. In 
the treated groups, the DD^o varied directly 
with the dose. 

The beneficial effects of the 2 antibiotics 
may be compared on the basis of the mean 
prolongation of life (MPL) which, for con- 
venience may be considered as the difference 
between the DD.-,o of any treated group and 
that of the control group. The hIPL for the 
aureomycin-treated eggs was greater than that 
of the chloromycetin-treated groups at each 
dosage level. The ]MPL for the groups of 
embryos receiving doses of 0.5 and 0.25 mg 
of aureomycin was 3,3 and 3.0 days longer, 
respectively, than for those receiving the cor- 
responding doses of chloromj-cetin. At each of 
the other dosage levels the MPL was about 2 
da3's longer in the aureomvxin treated groups. 

The greater protective effect of aureomjxin 
as compared with Chloromycetin is also strik- 
ingly apparent from the percent of sur\ivors 
among the groups of embrj'os treated with 
various doses of antibiotics. This was calcu- 
lated for each dose at different times after 
infection and the figures for the Sth, 10th and 
12 th daj’S are shoum in Table I. 

A more quantitative estimation of the rela- 
tive effectiveness of the 2 drugs may be 
arrived at bj’ comparing the dose required to 
protect 50% of the embryos (PD.-.o) for any 
given number of days after infection. The 
result is shown in Table II for days 7 to 12, 
inclusive. In the case of aureomjxin, it is 
seen that the PD.-.o increased at a slead%' rate 
of approximateh’ O.I mg per da\' during this 
period. The increase for chloromjxetin was 


at a much more rapid rate between the 7 th 
and 9th daj^s, after which time the PDjo of 
this agent e.xceeded 1.0 mg, the largest dose 
used in these e.xperiments. The PD50 of 
aureomycin on dax's 7, 8 and 9 was 0.09, 0.20 
and 0.31 mg, respectiveh% as compared with 
0.36, 0.61 and more than 1.0 mg for chloromj'- 
cetin on the corresponding days. Thus on these 
3 daj'S, aureomjxin was from 3 to 4 times 
as active as chloromjxetin, weight for weight, 
in protecting the embryos against the infect- 
ing dose of virus used. A similar advantage 
in favor of aureomjxin was noted after the 
9th da}*", but this was not quantitated since 
the PD50 for chloromjxetin was greater than 
1.0 mg, the largest dose used. [The infecting 
dose on the basis of the LD50 calculated for 
each of these daj’s, is also shown in Table II.] 

Dheussiou. The results indicate that the 
life of chick embrj'os infected with the 6BC 
strain of psittacosis virus W’as prolonged for 
an average of from 2 to more than 3 daj'S 
longer bj' aureomycin than they wxre bj’ the 
same dose of chloromjxetin. Also, the dose 
of chloromjxetin required to protect 50% of 
infected embrj'os for 7 to 9 daj-s was 3 to 4 
times as great as the dose of aureomycin re- 
quired to produce the same effect. Since 
the molecular weight of aureomjxin is 508" 
as compared with 323 for chloromjxetin,® the 
PD.-.o of the former is more than 5 times that 
of the latter on a molecular basis. 

Statisticallj-, the observed differences \Yere 
highlj’ significant. 

" Broscharfi, B. W.. et a!.. Sriencr. 1940, 109, 
199. 

S Controulis, J., Bebstock, M. C.. aiKl Crooks, 
H. XI., Jr., J. Jm. Ctiens. .Soo,. 1949. in press. 
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Hypotension Associated with Nutritive Failure 


These findings were rather unexpected in 
view of the rapid deterioration of aureomycin 
if! vitro at neutral or alkaline pH, and at the 
temperature employed." Other factors in the 
embryo, however may affect the stability of 
the two agents and some of these factors are 
now under study. 

Conclusions. Both aureomycin and Chloro- 
mycetin prolong the life of chick embryos in- 
fected with the 6BC strain of psittacosis virus. 
There is a direct relation between the dose 
of antibiotic and the prolongation of life of 

0 Paine, T. F., Jr., Collins, H. S., and Finland, 
M., J. Bact., 1948, 56, 489. 


the embryos, the infecting dose being kept 
constant. With equal doses of the antibiotics, 
aureomycin prolonged the life of the embiyos 
for an average of from 2 to more than 3 days 
longer than Chloromycetin, depending on the 
dose used. 

On a weight basis, aureomycin was more 
than 3 times as effective in protecting chick 
embryos against the dose of virus that was 
used in this study. On a molecular basis the 
aureomycin was more than 5 times as effective 
as Chloromycetin in this infection. 

Recpived September C, 1949. P.S.E.B.M., 1949, 73. 


Hypotension Associated with Nutritive Failure.* (17434) 

Tom D. Spies and Robert E. Stoned 

from the Department of Nutrition and Metabolism, Northwestern University Medical School 
and the Nutrition Clinic, Hillman Hospital, Birmingham, Alabama. 


During the 12 years we have been studying 
persons with nutritive failure in a large Nutri- 
tion Clinic, we have learned that there is 
a great variation in blood pressure among 
such persons. Readings range from those 
ivhich are too high to be obtained on an ordin- 
ary sphygmomanometer to those which are ex- 
tremely low. In general, however, we have 
found that in the person with nutritive failure 
the blood pressure usually is below normal 
and that it tends to rise slowly as the nutri- 
tive failure is corrected. Even in patients 
with both hypertension and nutritive failure, 
we have observed that the blood pressure tends 
to increase slightly when the nutritive failure 
is corrected and that they lead a more ener- 
getic life. 

It occurred to us that it would be worth- 
while to determine the effect of desoxycorti- 
costerone acetate on blood pressure. Since it 
has been known for some time that the de- 
velopment of edema, hypertension, and cardiac 

grants from^ 
Martha Lcland Slierwin Fund .and the Upjohn 
Clompany. 

The dcsoxyeorticostcronc acetate used in tins 
study was supplied by Dr. Kenneth W. Thompson 

of Organon, Inc. 

t Clayton Foundation Fellow. 


failure are the chief dangers associated with 
overdosage of desoxycorticosterone acetate,’"* 
we selected for study 3 persons who had been 
under observation in our Clinic for many 
years and who had every evidence of a prop- 
erly functioning cardiovascular system e.\'cept 
that the blood pressure was below normal. 
Each morning for a month these patients came 
to the Clinic early for special consideration and 
study. After they became accustomed to this 
routine, their blood pressures were taken under 
resting conditions each morning at 20 minute 
intervals over a period of 2 hours for 2 daj'S. 
Then they were given intramuscular injections 
of sterile saline and the blood pressure read- 
ings were taken as before. This procedure was 
continued for 4 days. When no systolic read- 
ing above 100 and no diastolic reading above 
65 was obtained, the patients were considered 

iFcrrebee, J. W., E.ig.in, C., Atchicy, D. W., 
.-ma Loeb, E. F., J.A.M.A., 1939, 113, 1725- 

2 Grollman, Arthur, Essentials of Endocrinology, 
Philadelphi.a, J. B. Lippineott Comp.any, 1941, 
p. 317. 

3 Soffer, Louis J., Dise.ases of the Adreimls, 
Pliiladelpbia, Lea and Febiger, 1948, p. 102. 

•» Hartman, Frank A., .and Brownell, Kntliarine 
A,, The Adrenal Gland, Philadelphia, Leii and 
Febiger, 1949, p. 223. 
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Fig. a. 

Shows the effect of the injection of 105 mg of deso.xycorticosterone acetate 
over a. period of G days. Tlie diastolic and systolic blood pressure and the body 
weight increased, Xotc the drop in the blood pressure determinations and the 
l>ody weigiit following cessation of administration of the desoJcycorticosterone 
acetate. The increase in body weight, was associated ^th swelling of the ankles 
which decreased as soon ns the material was discontinued. 


to be in a suitable condition to initiate injec- 
tions of desoxycorticosterone acetate. It was 
injected inlramvisculaTly early in tbe morning 
and a series of blood pressures was taken as 
before. The first da}' each of the 3 patients 
was given 5 mg of desoxrxorticosterone ace- 
tate intramuscularly; the second day 1 of tlie 
patients was given 5 mg and 2 were given 20 
mg each; the third day 1 was given 10 mg 
and 2 were given 20 mg each. On the fourth, 
fifth, and sixth days the dosage in each case 
was as shown in Fig. I, On the third day 
following the injection of the initial dose of 
desoxycorticosterone acetate, the patients be- 
gan to complain of tightness of the skin over 
the ankles. Fig. 1 , which is representative of 
the 3 cases, illustrates the effect of desoxy- 
corticostcrone acetate on the systolic and 
dia.«to!ic pressures and on the body weight. 

Summery and conclusions. Following the 
administration of desoxycorticosterone acetate 


to persons with nutritive failure and hj'po- 
tension, there was a prompt increase in blood 
pressure readings and in body weight (the 
increase in body weight is associated with re- 
tention of sodium in the tissues and this prob- 
lem is being studied further). When the ad- 
ministration of this substance was discon- 
tinued, the blood pressure readings promptly 
returned to normal. During the first week 
after the administration of de.so.v}'Cortkos- 
terone acetate was begun, one patient stated 
that she had great sjTuptomatic improvement; 
one complained of severe headaches, and she 
developed a “moon-faced*’ appearance which 
gradually disappeared when the injections 
were discontinued; the third patient noticed 
only swelling of the ankles. While our find- 
ings are of general interest, we do not recom- 
mend the use of desoxycorticosterone acetate 
as a therapeutic agent for hr-pertension. 

RiveiTcil September 7, 1949. D.S.K.R.M.. 1949, 7S. 
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Effect of Adrenal Cortex Extract on Blood Cells of the Embryonic 

Chick. (17435) 


Edwin M. Weller and A. M. Schechtjian 

From the Department oj Zoology, University of California, Los Angeles, Calif. 


In a previous paper, ^ it was shown that a 
transient lymphopenia and concomitant leuko- 
cytosis occurs in the adult fowl after a single 
injection of adrenal cortical extract, thus re- 
sembling mammalian blood cell changes re- 
ported by others.® 

The present study was undertaken to de- 
termine the response of embryonic blood cells 
to adrenal cortex extract (ACE). In addi- 
tion, other effects of the extract were observed 
in the hope that we might add to the meagre 
information known on the role of the adrenal 
cortex in the embiyo.® 

Method. Single Comb IVhite Leghorn chick 
embryos were used. Sterile 0.85% saline (con- 
trol) and aqueous adrenal cortex extract* 
were injected into the allantoic cavity of em- 
bryos incubated 13, 14, 15 days, the dosage 
varying from 0.2 to 0.6 cc. Each embryo re- 
ceived only a single injection. One embryo 
series was bled from the vitelline vein'* 24 
hours after injection, while the second series 
was injected but allowed to hatch. In the 
first group, each embryo was bled once, and 
after bleeding was weighed to the nearest 
tenth gram, with extra-embryonic material 
removed. 

Blood was diluted to the 101 mark in a 
certified RBC diluting pipette, the diluent® 
consisting of 25 mg of neutral red solution 
added to 100 cc of 0.85% saline. Total abso- 
lute counts per cubic millimeter (mm®) of 
erythrocytes and leukocytes combined, were 
made in a Neubauer Brightline Counting 


Chamber. 

Blood smears were stained with Wright’s 
solution and 200 fields were examined on each 
smear. A Whipple disc was employed to de- 
termine the average number of cells in a 
field. Using a simple proportion, the actual 
count of a particular cell on a smear was 
converted to an absolute count: 

Sme.ir count 

Avg No. cells in field X200 
X (Absol. No. cells/mmS 
Totnl .ibsol. comt/mm^ 

In the second series, the hatched chicks 
were bled on alternate days from the ulnar 
vein, over a period of one month after hatch- 
ing, and the weight of every specimen taken 
after each bleeding. Smears were stained in 
the usual manner and differential white blood 
cell counts were made by counting 200 leuko- 
cytes in equally distributed sections of each 
slide. 

Results. The injection of 0.3 cc of ACE 
had no apparent effect on the number 
of lymphoid cells in the peripheral blood of 
chick embryos of 14 to 16 days incubation. 
However, the hormone had a potent influence 
on the polymorph leukocyte number (Table 
I). Applying the chi-square test® to the 
frequency distribution of lymphoid cells 
(lymphocytes and hemocytoblasts') and poly- 
morph leukocytes, showed that chance ac- 
counted for the lymphocyte distribution, 


1 Shapiro, A. B., and Sclieehtman, A. SL, Pkoc. 
Soc. E.xp. Bion. and Med., 1949, 70, 440. 
eWliite, A., and Dougbertv, T. P., Ann. X. r. 


Acad. Set., 1946, ‘1<5, 859. 
sLandaner, W., FndocrinoJogy, 1947, 41, 489. 

* The extract was furnished tlirough the cour- 
tesy of Dr. David Klein of the Wilson Labora- 

^'’iztfferblatt, A. K., and Seelaus, IT. K., Anal, 
nee 1931, •IS, 367. 

5 Porhner, C. E., J. Esrp. Med., 1929, nO, 121. 


whereas the presence of the cortical extract 
significantly affected the distribution of the 
leukocytes. 

The blood cell count means are shown in 
Table II. A statistical analysis of the dif- 
ference between the means of the saline and 
ACE groups was not undertaken because of 

c Waugh, A. E., Eiemenfs of Statistical Method, 
McGraw-Hill Book Co., 1943. 

"Pennell, R. A., /. Agric. Fes.. 1947, 74, 217. 
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TABLE I. 


Effect of 0.3 cc ACE on Lvmpliocytcs and Poirmorpli Leukocytes of Embryonic Chicks In- 
jected on. the 13th, 14th, and loth Day of Incubation and Bled 24 Hours Later. Application 
of the Cl>i-Square Test. 


Oass mark (No. 
cclls/mm3) 

Observed 
frequency (f) 

Expected 
frequency (f’) 

(x-) 

(f-f’)e/r 

Sal. 

ACE 

Sal. 

ace' 

Sal. 

ACE 

0 to 251 

24 

Lvmpliocvtes 

30 ■ 25.1 

2S.9 

.048 

.042 

252 to 751 

23 

26 

22.8 

26.2 

.002 

.002 

752 to 1251 

9 

10 

8.9 

10.1 

.001 

.001 

1252 to 2251 

12 

10 

10.2 

11.S 

.320 

.271 

2252 to 9751 

7 

10 

7.9 

9.1 

.102 

.089 

Totals 

75 

86 

74.9 

SG.l 


.878’' 

Oto 101 

48 

Polymorplionuelear 

39 

leukocytes 

40.4 

46.6 

1.420 

1.230 

102 to 301 

9 

10 

8.8 

10.2 

.004 

.004 

302 to 2101 

8 

26 

15.8 

1S.2 

3.850 

3.340 

Totals 

G5 

75 

65.0 

75.0 


9.848 f 


* x" = -SIS, 4 degrees freedom: P = .95 or chance accounted for 95% of the observed fre- 
quency distribution. 

t X* = 9.84S, 2 degrees freedom : P = .01 or ACE accounted for 99% of the observed fre- 
quency distribution. 


TABLE II. 

Effect of Single Injection of ACE and Saline (0.3 cc each) on the Blood Count of Embryos, 
Bled on the 14th, 13th, and 16th Day of Incubation (Injected 24 Hours Previously). Mean 

Values. 




14 days 


15 days 


16 days 

Cell (Xo./mm3) 

kal. 

ACE 

Sal. 

ACE 

Sal. 

ACE 

Lymplioerte 

1.978 

1,791 

1,197 

924 

619 

729 

S.D,» 

2,800 

1,902 

708 

694 

606 

647 

No. embryo 

(27) 

(34) 

(16) 

(18) 

(32) 

(34) 

Polymorphs 

106 

309 

108 

319 

152 

416 

S.D. 

13S 

421 

282 

302 

174 

484 

No. embryo 

(17) 

(23) 

(1C) 

(18) 

(32) 

(34) 

RECf X 103 

1,926 

1,816 

1,844 

1,889 

1.961 

1,845 

S.D. 

K’o. embryo 

268 

(30) 

297 

(36) 

187 

(16) 

229 

(IS) 

334 

(32) 

328 

(35) 


1 


S.D. _ /N S(y-) — 2 (x-), vvlicre N is the number of embrvos, and x is the indi- 
N V 

vidual value of the mean. 

t is equivalent to number of total cells in counting chamber. 


the large standard deviation (S.D.) and the 
skewness of the distribution of the individual 
counts. The erythrocytes do not seem to 
have been affected by ACE since the mean 
total absolute count, consisting mainly of 
erythrocytes, was approximately the same in 
both treated groups during the incubation 
period considered. 

lablc III shows that the hormone did not 


affect embryo weight significantly, although 
a slight trend toward a weight loss was present 
in the 14 day hormone-injected embry-os. 

^ The presence of ACE depressed the hatcha- 
biliiy rate of embryos in the second series 
(injected and allowed to hatch). Out of 154 
saline-treated embryos, 82.4% hatched, while 
68.4% of 149 hormone-injected embryos 
hatched. The critical ratio of the per cent 
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TABLE III. 


Effect of Single Injections of ACE and Saline (0.3 ce cacli) on tlie Wet Weight of Embryos 
Weighed 24 Hr After Injection on the 1 j:th, 15tl», and lOtli Day of Incubation. Slcan Values. 



14 daj-s 

15 daj'S 

IG daj's 

Sal. 

ACE 

Sal. 

ACE 

Sal. 

ACE 

No. cml)r 3 'os 

(47) 

(60) 

(16) 

(18) 

(38) 

(38) 

Wet weight (g) 

8.1 

6.3 

12.3 

11.1 

13.1 

13.1 

S.D. 

1.0 - 

1.2 

0.9 

1.0 

1.1 

1.5 

S.E.* 

1.53 

1..33 

1.85 

t 

1.22 

.90 


56 


* S.E. (standard error) =; V n JIi- - rvhere <r is the standard deviation of JIi and 

Mj - J.I2 

the means, t = , t = 2.2 is significant. 

S.E. 


difference was 2.86 which is statistically sig- 
nificant, since a ratio of 2.57 is equivalent to 
99% confidence. 

No discernible differences in the blood 
smears or tveights of the hatched chicks be- 
tween the 2 treated groups were observed. 
i\ji. apparent greater degree of barren skin 
:area under the wings and abdomen and whiter 
.■down feathers were noticed in the ACE 
latched chicks as compared to the control 


group. 

Discussion. In the present study no chanp 
could be detected in the number of lymphoid 
cells after administration of adrenal cortical 
extract. However, there was a significant 
leukocytosis upon hormonal injection. 

Failure to detect a transient lymphopenia 
Is not in agreement with previous work on 
the adult fowl and mammals, but we do 
not believe that such a conclusion is war- 
ranted in the present study. The relatively 
small number of lymphocytes on a smear and 
the resemblance of their precursors (hemocy- 
toblast) to certain primitive erythrocytic 
cells' renders the lymphocyte count less re- 
liable than the counts of the more readily 
identifiable polymorphs, 

larve individual variation in lymphocyte num- 
tes in the embryos would tend to obscure the 

^°^rTailure to observe a lymphopenia after 
urv iniection might also be attributed to 
i /,ftime (24 hours) elapsing between 
and remva! of blond 
.ajeclionrf ft » pd 


No lymphopenia was observed in IS embryos 
from which blood was removed at intervals of 
3, 6, or 9 hours after injection of ACE. The 
period of 24 hours was selected for most of 
the specimens in order to allow for a greater 
degree of absorption from the chorioallantois, 
although the possibility remains that a shorter 
period might have been more effective. 

Erythrocytes showed no response to ACE 
which corresponds with results in the adult 
fowl.' Variation of the dose from 0.2 to 
0.6 cc had no apparent effect on the general 
embryonic blood picture. 

The weight loss of embryos injected with 
adrenal cortical extract, although not statistic- 
all}' significant, taken together with the definite 
decrease in hatchabiiity, suggests that the 
hormone retarded embryonic metabolism. This 
may have been due to the extract’s toxicity or 
perhaps to its protein catabolic action.** Lan- 
dauer,-' reported that the injection of either 
0.02 or 0.05 cc of ACE into 0 or 120 hour chick 
embryos produced a very marked retardation 
of growth and, ivith the larger amount of 
hormone, none of the embryos completed de- 
velopment. The use of 11 -desoxycorticos- 
terone or other steroids having no effect on 
protein metabolism,® may reveal whether ACE 
is toxic, as it seems to be, to the embryonic 
organism. 

Thiourea injected into chick embryos has 
been reported** to inhibit the thyroid, lower 


8 White, A., Proteins and Amino Acid.s in Kutri- 
ion, Rcinhold Puhl., 1948, cli. 7. . 

OMcJIcnamin, .T. W., unpuhlislicd it.A. Tlies.s, 
Iniv. Calif., Los Angeles, 1940. 
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body weight and produce a feather syndrome 
similar to the one here reported. This sug- 
gests that ACE may act indirectly on the 
femhryo by depressing the thyroid to the ex- 
tent of interfering with local feather and 
general embryonic metabolism. 

Summary. 1. The blood picture of 14, 15 
and 16 day WTiite Leghorn chick embryos 
injected into the allantois with aqueous adren- 
al cortex extract, shows no significant change 
in the number of lymphocj'tes but a marked 
absolute pol>Tnorph leukocytosis, 24 hours 
after injection. The erj-throcytes are not 
affected by the extract. 


2. Large individual variation in the lympho- 
cyte count and greater difficulty involved in 
their identification may have obscured the ef- 
fect of the hormonal preparation on the lym- 
phocyte count. 

3. ACE treatment induced a tendency (not 
statistically significant) toward weight loss 
in the 14 day embryos, a significant decrease 
in the hatchability rate, and an apparent de- 
fective feather development. However the 
blood picture and weight in comparison with 
the controls was normal after hatching. 

Receired September 7, 1949, P,S.E.B.M., 1949, 73. 


Glycerophosphatases of the Normal and Tumorous Frog Kidney. (17436) 
Thomas J. King and Ross F. Nigrelei 

From Ihr Department oj Biology, Washington Square College, Nem York University, and the Xew 
York Aquarium, Xevo York Zoological Society. 


Lucke^ described a neoplastic growth in the 
kidneys of the leopard frog, Rana ptpiens 
Schreber (Fig. 1), which was manifested 
sometimes as a circumscribed adenoma and, 
at other times, as an adenocarcinoma with 
considerable infiltrative and destructive ac- 
tivities. The incidence, as reported by Lucke' 
and corroborated by the present studies, may 
be as much as 2% among both se.xes. 

It has been demonstrated that the alkaline 
phosphatase of the kidneys of many animals 
shows considerable activity-.--'' Since it is 
further known that the phosphatase content 
of an organ is frequently altered under various 
pathological conditions'' •*' and especially in 
neoplasia'- it was felt that studies of the alka- 
line and acid phosphatase systems might add 
to our knowledge of the physiology of the 
nomial and pathological frog kidney. 

> I.uckf', B.. .()». J. Cancer, 1934, 20, 352. 

- Kay. H. D., Biochem. 1928, 22, 8.5.5. 

a _ Fhilidfit. Fev., 1932. 12, 384. 

< Brain, B. T., and Ivny, H. D., Biochem. J., 

1927, 21, 1104. 

■' t'oUcy, S. .1., .and Kay. 11. p.. Kroebn. <1. Bit- 

CUmforrcliunp. 193C, ,5. 1.59. 

'•.Orivtislfiii, .1. B., J. Xiit. Cancer Inst., 1943, 


Experimental procedure. Kidneys, both 
normal and tumorous were treated vrith a 
modified Gomori method recommended by 
Rabat and Furth." Pieces of fresh kidney 
were fixed in cold acetone at 0°C for 24 hours 
and embedded in paraffin-Bayberry ivax. Sec- 
tions cut at 5 were mounted, deparaffinized 
and transferred to the buffered sodium glycero- 
phosphate mixture and incubated for 8 hours 
at 37 °C. Control sections were maintained. 
Some sections were stained in the usual way 
with Harris’ hematoxylin and eosin; others 
were stained with safranin. 

Tissues which were to be compared, namely, 
normal, neoplastic and calcium controlled sec- 
tions were incubated and stained simultane- 
ously. 

.4cid phosphatase was demonstrated by the 
Wolf, Rabat, and Newman* modification of 
Gomori’s original method.® 

Stewart'® has pointed out that in cross sec- 

iKnbat, E, A., and Furtli, J,, am. J. Path., 
1941, 17, 303. 

s IVoif. A. E., Rabat, E., and Kcwnian. VC., 
.•tin. J. Path.. 1943, 10, 423. 

*.» Gomori, G., Arch. Path., 1941, S2, 189. 

loStf'w.nrt, S. G., Anal. Fee.. 1927, 38, 259. 
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Pig. 1 Fio. 2 Fig. 3 

Pig. 1. Bilateral tumor (T34:} of a male Sa7i(i pipietts fixed in Kaiserling; iluid. X 10* 

Pig. 2. Alkaline phosphatase activity in the normal frog kidney (N6). The proximal 
convoluted tubules (at the right) show a +++ reaction, the glomeruU a +-f + reaction, 
and the distal tubules (at the left) are negative. Safranin stained. X 110. 

. .Pig. 3. Alkaline phosphatase activity in. the tumorous frog kidney (T25). The gland- 
like tubules of the tumorous (upper) portion show a negative phosphatase reaction, whereas 
the tubules of the adjacent non-tumorous portion (lower quarter) indicate a reduced enzyme 
activity from that seen in the normal (Pig. 2). Safranin stained. X 110. 

lion -the frog’s kidney is approximately glomerular capsule and the distal convolutions 
hemicircular and may conveniently be divided were always found to be negative (Fig. 2). 
into 3 crescent-shaped segments— the dorsal, There tos no difference in the alkaline 
intermediate and ventral zones. The proximal phosphatase picture between the male and 
convolutions are quite uniformly restricted to female kidneys, neither did there appear any 
the dorsal zone in which is located practically preferential staining for any portion of the 
the entire system of collecting tubules. The same kidney, i.e., serial sections of normal 
distal convolutions were mainly found to lie kidneys e.xcluded the possibility of local varia- 
in the ventral zone. In the central zone are tions in phosphatase activity, 
grouped the glomeruli along with the transi- The alkaline phosphatase content of tumor- 
tions of the proximal to distal convolutions, bearing kidneys is quite unlike that of their 
Our results were tabulated using this descrip- normal controls. In the first place the neo- 
tion of the locations of the various kidney plastic portions of all affected kidneys showed 
segments. a negative alkaline phosphatase reaction. Sec- 

The intensity of the phosphatase reaction ondly, areas adjacent to the neoplastic growth, 
ivas graded by a system of pulses based on although e.xhibiting the same general distri- 
the size, distribution and density of granules bution of alkaline phosphatase as the normal 
in several sections; -j — j — !-+ maximum re- controls, show^ed a marked reduction in en- 
action i.e., one in which the phosphatase de- zymatic activity (Table I and Fig, 3). 
position was so dense that the nuclear out- It is noted in Table I, that the nontumor- 
line wasjusl discernible, -|-++ large amount, ous portions of some tumor-bearing kidneys 
-j— moderate, -j- slight, - negative. (36 and 39) showed a slightly greater phos- 

Results. 1. Sites of alkaline phosphatase phatase reaction than did the others. Upon 
activity in normal and tumorous kidney. Alka- examination we found that these tumors were 
line*^ ohosphatase was consistently found to simply solid masses of cells without lamina, 
be heavily concentrated at the luminal borders This w’ould indicate that the frog renal car- 
nf the Droximal tubules and in the collecting cinoma does not exert its influence on the 
A fair amount of the enzyme was surrounding kidney tissue phosphatase in its 

abo^found in the glomeruli. However, the earlier stages, i.e., before the tumor has dif- 



Glycerophosphatases IK Frog Kidkey 


375 


TABLE I. 

Ki dner AJfcaline Phosplmtase, 

Kon-tuniorous portions of kidney 


< > 


Frog 

expt. ■ Tumor 

Proximal 

tubules 

Collecting 

tubules 

Glomerulus 

Glomerular 
■ capsule 

Distal 

tubules 

1-14 


Kormal 
11 1 1 


— 

— 

1-35 — 

37-38, 40 

-f to-f-f 

Tumorous 
-4- to -r-r 

-f to -f-4- 

— • 

— 

30 and 39 — 

Controls — 

(teclmical) 

0.0. -i- 

-f-f-h 

4“"r 

~ 

— 


The intensity of the phosphatase reaction nras graded as follows: -r-r-r-f maximum, -f-r + 
hirge amount, -f moderate, + slight, — negative. 


ferentiated into the tubular form. 

In all cases kidney sections at a distance 
from the neoplastic area showed a normal 
phosphatase content. 

2. Sites of acid phosphatase activity in 
normal and tumorous kidney. Even when 
activated by O.Ol M manganous sulfate, all 
portions of both the normal and neoplastic 
kidneys gave negative acid phosphatase reac- 
tions. except for an occasional positive glo- 
merular reaction due to the phosphatase of the 
red blood corpuscles. These findings are com- 
parable to those of other investigators^'® for 
normal kidneys. 

Discussion. In all cases reported"'^-*^ the 
proximal tubules always show a strong posi- 
tive reaction, whereas the distal convolutions 
are generally negative. The glomeruli are 
usually entirely negative. Only the glomeruli 
of the cat kidney*® shows a positive alkaline 
phosphatase reaction similar to that which 
we ofaserx-ed in the frog glomeruli. 

The high concentration of alkaline phos- 
phatase in the proximal tubules suggests the 
possible role of this enzyme in sugar reabsorp- 
tion since it has been shown that these tubules 
are the site of glucose reabsorption in the 
normal kidney,*® Then too, it is well knovm 

i'Moog. F.. J. Cf!I. and Comp. Physiol, 3P13, 

m Gnmori, G., J. Cell an^ Comp. Physiol. 1941 
IT. 71 . 

m Bourne, G., Quart. J. Exp. Physiol, 1943, 

a2, 1. - . . 

” Wilmor. H. A., Arch. Path., 1944, ST. 227. 


that phlorhizin inhibits alkaline glycerophos- 
phatase and also prevents the active reabsorp- 
tion of glucose in the amphibian kidney.*® 
scheme for such a glucose-reabsorbing mech- 
anism has been presented for certain mam- 
malian kidneys.*"* 

Our obsen-ation of a complete lack of 
alkaline phosphatase in the tumorous portions 
of the affected frog kidney, and its marked 
depletion in the adjacent renal tissue, indicates 
that the neoplasm interferes in some way with 
the metabolism of the surrounding tissue even 
though there is no microscopic exidence of its 
infiltration. 

It must be emphasized that our results are 
based solely on the use of sodium-beta-glycer- 
ophosphate as the phosphoric ester hydrolyzed 
by the phosphatase of the kidney. The work 
of Dempsey and Deane*’ indicates that cer- 
tain regions of the duodenum contain sub- 
strate-specific phosphatases, which suggests 
the possibility that other phosphatases might 
very well be demonstrable in the neoplastic 
amphibian kidney if other substrates and dif- 
ferent pH ranges were employed. 

Summary. It has been demonstrated for the 
first time, histochemically, that the normal 
kidney of the frog, Rana pipiens, possesses a 
strong alkaline glycerophosphatase reaction 

n* White, It. L.. and .Sclimift, F. O., Am. 
Physiol., 1.02G, TO, 220. 

re Walker, .A. M., and Hudson. C. L., .im. .7. 
Phy.siol, 1937, 118. 130. 

WDempsor, E. W.. and 00 . 1110 . H. W., J. Cell 
nnd Comp. Physiol. 1P4G, 27. 159. 
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in its proximal tubules, especially at their 
brush borders, whereas the distal convolu- 
tions are negative. The glomeruli show a 
moderate alkaline reaction, categorizing the 
frog in a class with the cat (the only other 
animal thus far investigated that gives this 
reaction). With regards to the neoplastic 
kidney, the tumor cells themselves are alkaline 


phosphatase negative with an accompanying 
depletion of the enzyme in adjacent non-tum- 
orous portions of the renal tissue. 

Both normal and tumorous kidneys are es- 
sentially negative for acid glycerophosphatase. 
The significance of these results is discussed. 

Received August 28, 1949. P.S.E.B.M., 1949, 72, 


Depressing Effect of Inositol on Serum Cholesterol and Lipid Phosphorus 

in Diabetics.* (17437) 

William C. Felch and Louis B. Dottt 
From the Department of Medicine and the Pathological Laboratories, St. Luke’s Hospital, 

New York City. 


The problem of the relation of serum 
cholesterol levels to human atherosclerosis is 
much debated. An agent capable of depress- 
ing serum cholesterol levels in hypercholester- 
emic individuals would offer a new approach 
to its study. There is some evidence to show 
that inositol is such an agent. 


McHenry and Patterson^ suggested that 
inositol has a specific effect on cholesterol 
metabolism; they pointed out that it is an 
effective lipotropic agent particularly when 
large amounts of cholesterol are present in the 
liver. Herrmann- found that inositol de- 
pressed blood levels of cholesterol and choles- 
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♦ This study was supported in part by a grant 
rom Commercial Solvents Corporation. 

1 McHenry, B. W., and Patterson, J. M., 


Physiol. Sev., 1944, 24, 129. 

2Herrm.ann, G. E., Psoo. Soc. Exp. Biol, and 
Med., 1946, «3, 43G. 
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terol esters in old hens. Gephardt® found that 
in one case of xanthomatous biliary cirrhosis 
doses of 3 g of inositol per day for 3 months 
produced a marked drop in total lipids and 
some drop in cholesterol and cholesterol esters; 
the patient, however, received a low-fat diet 
concurrently. On the other hand, Shaj'* 
states that doses of 1 .2 g a day for 3 weeks had 
no effect on blood cholesterol in human dia- 
betics. Herrmann® found that 20 hj^percholes- 
teremic patients given 2 g of inositol a day 
for 25-30 days had an average drop of 19% 
and 17% of cholesterol and cholesterol esters 
respective!}^; one showed no change: he found 
also that there was a tendency for phospholip- 
ids to rise. 

The action of inositol on serum lipids and 
on the atherosclerotic process is being studied 
in this hospital. The present paper reports 
its effect on certain serum lipids in a group 
of diabetic patients.^ 

Procedure. Total cholesterol and cholesterol 
esters" and lipid phosphorus' were determined 
on the blood serum of all experimental sub- 
jects, Similar determinations were made on 
100 control subjects, consisting of staff phy- 
sicians, nurses and hospital patients not 
known to have any disease affecting cholesterol 
metabolism. 

Of the 30 diabetic patients used, 13 were 
selected because of high blood cholesterol 
levels previously established in this clinic; 
the remainder were picked at random from 
the diabetic clinic provided they fulfilled the 
criteria of fixed diet, fi.xed insulin dosage and 
adequate diabetic control for 6 months prior 
to beginning the e.xperiment. Repeated de- 

r. Gopliardt. M. C., Ann. Int. ilcd., 1947, 20, 704, 

r SImy, H,, in discussion of Vorhaus, M. G,, 
GoiniKTtz, M, L,, and Fedor, A,, A m, J. Difl. Din., 
1943, 10, 4S, 

r' Herrmann, G, R., Exp. ilcd. and Siirt}., 1947, 
o, 149, 

f Tlio autliors arc indebted to Dr, John H, 
Keating for las lielpful advice and to Hiss Stepli- 
anic Ilka for technical assiiitance in this investi- 
cation, 

,‘liH.rrr, W,, and Brand, F, C., ,T. Biol Chem., 
1943, 150, 315, 

rVoungburp, G. E., and Younjiburg, M. V,, 
.T, lyih. nnd Clin. Med., 1930, 1C, I.IS, 
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terminations on these 2 diabetic groups were 
practically identical as far as mean, range and 
standard deviation of cholesterol fractions and 
lipid phosphorus were concerned; they are 
therefore considered as one unit. 

At least 2 baseline total cholesterol, choles- 
terol esters and lipid phosphorus determina- 
tions were made on all diabetic patients be- 
fore they were given inositol. They then be- 
gan taking 3 g of inositol daily (two 0.5 g 
capsules after each meal) ; bloods were taken 
at intervals of 1,2, 4, and 8 weeks thereafter. 

Results. The range of normals is indi- 
cated by the enclosed area in Fig. 1. The 
mean, range and standard deviations are 
shown in Table I. No apparent variation was 
found with regard to age or sex and repeated 
determinations on the same subject showed 
little or no variation over a period of several 
months. 

Before taking the inositol, the diabetic pa- 
tients tended to show elevated serum total 
cholesterol, 18 {(>0%) being outside the range 
of normals as shown in Fig. 1, only 4 below 
the normal average, the rest high normal. 
Cholesterol esters were proportional to total 
cholesterol, the ratio of esters to total being 
relatively constant (68-73%). Lipid phospho- 
rus tended to be high when the total cholesterol 
was high, but the correlation was not as con- 
sistent as with the cholesterol esters. No 
correlation between the level of cholesterol 
fractions or lipid phosphorus and the severity 
of diabetes or the accuracy of its control could 
be made. 


In all of the diabetic patients fed the inosi- 
tol a fall occurred in the serum cholesterol 
and lipid phosphorus. After 8 weeks (Fig. 1) 
all determinations were within the normal 
range. As shown in Table I, the total choles- 
terol tended to fall abruptly over the first 
2 weeks, then to fall more slowly or become 
stationary. The higher initial total choles- 
terol showed the greater tendency to fall; 
thus, 17 diabetics with an initial total choles- 
terol above 300 mg% had an average drop 
of 69.2 mg% in 8 weeks, while the 13 dia- 
betics below 300 mg% had an average drop 
of only 29.0 mg%. The proportion of esters 
to the total remained constant after inositol, 
and lipid phosphorus tended to fall in con- 
junction with fall in total cholesterol, con- 
trary to Herrmann's findings. IITien the 
patients were taken off inositol, a gradual rise 
occurred in the determined serum lipids, but 
after 6 weeks none had returned to the base- 
line levels. 

The only possible untoward effect of inosi- 
tol observed occurred in one woman who com- 
plained of gastric distress; many of the pa- 
tients reported a feeling of increased vigor 
and well-being. No consistent change in the 
diabetic status of any of the patients was 
noted. 

Couclusions. Inositol is an effective agent in 
lowering serum cholesterol and lipid phosphor- 
us in hypercholesteremic diabetics. Further 
study of its action and applications is war- 
ranted. 

Keccived Sept. 14, 1949. P.S.E.B.jr., 1049, ’72. 


Metabolism of Some 9-Aminoacridine Derivatives. (17438) 

Evan W. McChesney and John P. McAuliff 

Fro/i! the SlerlingAVinthrop Research Institute, Rensselaer, N. Y. 

slightly active against avian malaria.- Pre- 
viously®"® it had been used successfully for 

1 WiselogieTi^., A Surrey of Autimalarial 
Drugs, J. W. Edwards, Ann Arbor, 1940, pp. 1321- 

isrr. 

2 Gingrich, W. D., and Fillmore, It. S., Jm. .T. 
nyg., 1942, SO, 2TG. 


Many compounds in the 9-aminoacridine 
eries have been synthesized for the purpose 
I studying their action against a variety of 
larasitic infections, and as distn ectots. The 
ecent antimalarial survey^ included a large 
, umber of these compounds. One of them was 
cmnil (SN-186), which was found to be only 
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the treatment of human giardia infections 
and, more recently, against Hymenohph 
tmm.' Berberian has also found it quite 
effective for the treatment of human subjects 
infested with Enterobhis vermkularis. Three 
closely related compounds which are superior 
to Acranil against oxyurids of mice,® and 
also as to acute toxicity for mice* are Win 
2333, 2389, 2390. The structural formulae 
of these 4 compounds, to be discussed in this 
paper, are as follows: 



OH 

I ■ H ' 


/\/\/\ 


! OCHn 


Cl 


.2HC1 


6-ClUoto-2-mctlioxy-9-(2-li>'droxy-3-dietliylainmo)- 
propvlaminoacridine dilivdrochlorido 
ACEAKIL 


HX-fCHols-XH-CHaCHaOII 



X 

9- (2-li ydroxyethylaininoetliy lamiiio ) -2-mctlioxy- 
acridine dUiTdroetiloride 
WIX 2389 

nX-tCHo) o-XHCHoCH«OH 



X 


9(21iydroxyctliylaininoctliylamino) -acridine 
dihvdrochloride 
\VIX 2333 

adcMuro, P., Acfa Med. Scand., 1939, 102, IT. 
rGrott, J. W., Schweie. Med. Woehschr., 1939, 
C«, 0S3. 

a Frie<lcric!i, L. V.. Gnstrocntcroh, 1940. 05, 24. 
c Berberian, D. A., Am. J. Trap. Med., 1945, 25, 
441. 

' Berberian, D. A., Am. J. Trap. Med., 194G, 20, 
3.39. 

s Berberian, D. A., and Dennis, E. W.. manu- 
script in preparation. 

* Laboratory data, courtesy of Dr. J. 0. Hoppe. 


HX-(CHo)2-XHCH2CH20H 



OCHn 


.2 HCl 


6-Cliloro-9-[3-(2-hydroxyetbylamino)-propyl- 
aniino]-2'Dietlio.rraeridine dibvdrocbloride 
WlX 2390 


Some information on the absorption, e.xcre- 
tion, and tissue distribution of a t\-pical 9- 
aminoacridine derivative is available as a result 
of the widespread interest in the use of Ata- 
brinef for the therapy of human malaria.®"^- 
It is known, for e-xample, that the highest 
tissue concentrations for Atabrine, following 
oral administration to rats, are found in the 
liver, with lesser amounts in the spleen, lung, 
and kidney, in order of decreasing concentra- 
tion.®-^® In dogs, deposition in the tissues 
accounts for 10 to 30% of the oral dose.^® 
We have studied the 4 compounds listed 
above with respect to their absorption, e.xcre- 
lion, and tissue-distribution, since these fac- 
tors are important in determining their suita- 
bility for the treatment of susceptible parasitic 
infections. 

Methods. The e.xperimental subjects were 
male hooded rats from our colony, weighing 
250-365 g each. They were kept in metabol- 
ism cages, one pair to each cage. In order to 
simulate as closely as possible the conditions 
used for the treatment of intestinal parasitic 
infections, they were allowed free access to 
our regular colony diet and water until the 
medication was given, but then only water 
was provided for the remainder of the experi- 
mental period. The drugs were given by 

t Registered tr.ide-markcd name of Wintbrop- 
Stcarns, Ine., brand of quinacrine. 

0 Barlow, O. VT., Auerbacli, II. E., and Rivon- 
burgh, H., ,7. Lah. Clin. Med., 1945, 30. 20. 

10 Army Malaria Researcb Enit, Ann Trap. Med. 
and Farasitol., 194G, 40, 173, 181, 3GS, 372, 472, 
4S2. 

JJ Dearborn, E. H., Oldbani, F. K., GeiUng, E, 
M. K.. and Kelsey, F. E., J. Pharm. and Exp. 
Thcrap., 1943, 7», 120. 

IS -Annegers, J. H., Snapp, F. E., Daskind, L., 
Ivy. A. C„ and Atkinson, A, .1.. TTar Med., 1943. 
4, 17G. 
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stomach tube in 5 cc of water per kg body 
weight. This was enough water to dissolve 
the drug except for some doses of Win 2389 
and 2390, which remained partly in suspen- 
sion. 


Twenty-four hours after medication samples 
of blood were drawn into oxalate by heart 
puncture. The animals were then sacrificed; 
the carcasses were frozen and stored until 
they could be analyzed. Urine and feces were 
collected for the 24-hour experimental period, 
the samples thus representing the combined 
excretions of one pair of rats. The blood and 
tissue samples, however, were usually analyzed 
for each animal. The methods used for the 
extraction and analysis have been described 
by Brodie et with the exception that 

in this work ethylene dichloride was used as 
a solvent in place of petroleum ether. As a 
routine measure the extracts were washed with 
10% NaOH to remove metabolic products of 
the drugs, but no colored material was re- 
moved in this way. Acranil, \^^in 2389, and 
Win 2390 fluoresce in the visible range; they 
were determined in the Coleman photofluor- 
ometer using the filter system B-2, PC-9A. 
Win 2333 fluoresces only in the ultraviolet 
range. However, its behavior proved to be too 
erratic to use this property for its determina- 
tion, therefore a colorimetric method was 
used.l Since the sensitivity of the method was 
not as great as the fluorometric, it seemed 
inadvisable to attempt the determination of 
tissue concentrations of Win 2333 on any dose 
less than 200 mg/kg, and blood determinations 
were not made. 

When the animals were dissected, the pro- 
cedure was as follows: Aliquots of about 2 g 
of liver and lung were accurately weighed for 
extraction, also the whole spleen, and one 


Ts Brodie, B. B., Udenfriend, S., and Baer, J. E., 
Biol. Chem., 1947, 168, 299. 
ir Brodie, B. B., Udenfriend, S., Dill, W., and 
lon-ning, G., J. Biol. Chem., 1947, 168, 311. 

; The extraction, washing, and transference into 
1 1 K HCl were carried out in the specided way 
scent that 10 cc of the HCl was used instead of 
i cc The color of the HCl solution was then read 
an Evelyn colorimeter using a 420 filter, com- 
>arinff with standards containing 0.005-0.5 mg of 
yin 2333 in 10 cc of 0.1 N HCl. 


whole kidney. If the stomach contents were 
sufficiently solid, a 2 g aliquot was taken, 
othenvise the entire contents were washed with 
water into the vessel to be used for the ex- 
traction. The intestines were washed out in 
a similar tvay, and to these washings were 
added the cecal contents. The analytical re- 
sults are presented in Table I. 

Discussion. It is evident that the number 
of experimental animals used ivas not suffi- 
cient to establish the tissue concentrations of 
each drug at each dose level with great pre- 
cision. In about 2/3 of the paired analyses 
the agreement was very close; in the other 
third the variations were greater than one 
might wish (i.e., 100% or more). In about 
half the aberrant figures the extent to which 
absorption had proceeded was clearly a factor 
(for example, Acranil, SOO mg/kg pair). In 
some other cases the extent of absorption 
alone could not account for the differences 
bet%veen paired animals (for example. Win 
2389, SOO mgAg pair). However, the pur- 
pose of the work was only to establish general 
trends, and with this in mind, the following 
generalizations can be made: 

1. The tissue concentrations tended to in- 
crease with the dose level, as would be e.x- 
pected. 

2. The urinary and fecal excretions did not 
show any consistent relationship to the dose 
level. Doubtless this is a reflection of the fact 
that considerable, but variable, amounts of 
the drugs remained in the gastrointestinal 
tract. However, it can be said that Acranil 
was excreted to the least extent in the urine, 
and AVin 2389 to the greatest. Acranil was 
also excreted in the feces to the least, and 
Win 2389 to the greatest axtent. 

3. The blood concentrations of Acranil and 
AAh'n 2390 increased with the dose level, and 
were of the same magnitude for equivalent 
doses. The blood concentrations of Win 2389 
averaged as high, but were in a mi.xed order. 

4. At any dose level chosen for comparison, 
Acranil accumulated in the tissues more than 
any of the other compounds, and AA''in 2333 
accumulated the least; the affinity of liver for 
Acranil was particularly marked. In order 
of decreasing over-all tissue affinity, and of 
decreasing concentration in the individual tis- 
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sues the several compounds may be rated 
about as follows; 

a. Acranil; liver > spleen > kidney > 
lung 

b. Il'in 2390; liver > kidney > spleen > 
lung 

c. Win 2389; spleen > liver > kidney > 
lung 

d. Win 2333; liver > spleen > kidney > 
lung 

It is of interest to compare the metabolism 
of these drugs with that of Atabrine, although 
the data available for comparison® were ob- 
tained with a higher dose than any used in 
this work; 675 mg/kg. None of these 4 drugs 
was absorbed as fast as Atabrine. Only at 
the lowest dose levels were as small (absolute) 
amounts found in the gastrointestinal tract 
as following Atabrine, and even less than 
50 mg/kg of Win 2390 would have been 
required to produce an equivalent result. 
The reported tissue-distribution of Atabrine 
resembles that of Win 2389 in item"* above. 
However, the latter compound was still only 
about half absorbed when the animals were 
killed. Win 2390 differed from Atabrine 
chiefly in gmng higher liver concentrations. 
Even at the lowest dose level Acranil produced 
much higher liver concentrations than 675 
mg/kg of Atabrine, and the other tissues 
contained amounts of the same order as fol- 
lowing Atabrine. 

It was noted that these compounds under- 


go some chemical alterations, probably in the 
liver, followed by excretion through the bile. 
This was shown, by the fact that the ethylene 
dichloride e.xtracts of both the intestinal (plus 
cecal) contents and of the feces contained an 
intensely yellow non-fluorescent substance 
which remained in the organic solvent, even 
when the latter was extracted with N HCl. 
This indicates that the basic side chain had 
been lost, leaving a neutral compound, pos- 
sibly an acridone. A similar metabolic pro- 
cess has been observed by Hawking and 
Frazer in their studies of Miracil D.^“ 
Summary. The absorption, excretion, and 
tissue-distribution of 4 compounds of the 9- 
aminoacridine series have been studied in 
rats at oral dose levels ranging from SO to 
500 mg/kg. At any dose level Acranil con- 
centrates in the tissues to the greatest e.x- 
tent, while the other compounds follow in 
this order; Win 2390, 2389, 2333. For any 
single compound, the tissue concentrations 
ordinarily increase with the dose, the largest 
amount being found in the liver. In order of in- 
creasing rate of absorption the compounds are 
Win 2390, Win 2389, Acranil, Win 2333 hut 
none of these is as completely absorbed within 
24 hours as has previously been reported for 
Atabrine. 

IS Haivking, F., .anil Boss, W. F., Brit. J. Fliarm. 
and Chcmolhcrap., 19iS, 3, 167. 
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Regeneration of the Neural Portion of the Retina from Pigment Cells in 
Adult Urodele Eyes* (17439) 


L. S. Stone 

From the Department of Anatomy, Yale University School of Medicine, and the Osborn Zoological 

Laboratory, Yale University. 


In previous experiments on grafted adult 
salamander eyes, it has been shown by the 
author that degeneration of the neural ele- 
ments of the retina is followed by regenera- 


the James Hudson 

irowu Fund and the TTnJfed States Public 


Service. 


tion. The retina can be regenerated with sub- 

1 Stone, L. S., and Zaur, I. S., J. Exp. Zoot, 
1940, 85, 243. 

= Stone, L. S., and Farthing, T. E., J. Eip. Zool, 
1942, 91, 265. 

3 Slone, L. S., and Ellison, F. S., J. E. Zool., 
1945, 100, 217. 
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sequent return of ATsion at least 4 times . in 
the same eye repeatedly transplanted.- The 
functional patterns associated with each of the 
retinal quadrants are reestablished and the 
\-isuomotor responses of the host are deter- 
mined by the orientation of the graff**" 

Regeneration of the retina in amphibians 
especially' in lar\'al urodeles has been reported 
previously' by other investigators. As to its 
source of origin iris tissue has been claimed by 
some authors.®-^® Retinal tissue at the ciliary' 
margin®’^ and ganglion cells in the fully' dif- 
ferentiated retina^ have been proposed as the 
source. One of the above mentioned investi- 
gators® believed that the regenerating retina 
in laiwal urodeles could also be derived from 
the pigmented epithelial layer. 

An e.\'tensive study has been made to settle 
the question of the source of origin of the re- 
generating neural portion of the retina in 
the eye of the adult urodele, Triturus v. vtri- 
dcsccns. In various groups of e.’qieriments 
over 500 grafts of iris tissue have been placed 
in the aqueous and vitreous chambers of the 
eye. Xone of them has given rise to retinal 
tissue. -A detailed study' was made of the 
degeneration and regeneration of the retina 
in 200 grafted eyes preser\'ed at close inter\'als 
for at least 3 months after operation. De- 
generation spreads throughout the neural 
retina during the first 3 weeks. In some cases 
destruction proceeds at different rates in 
various parts of the same eye and when de- 
generation overlaps early' stages of regenera- 
tion it is more difficult to obtain a clear pic- 
ture of the origin of the new retina. However, 
when degeneration is simultaneous in all parts 
it is clearly demonstrated that the new neural 

•< Stone, L. S., Peoc. Soc. Exp. Biol, and Med., 
1944, 57, 13. 

•• Stone, L. S., Eip. Cell Ecsearch, Sup. 1. 1949, 
5S2, <Proc. Gth Int. Cong. Eip. CytoL) 1947. 

c Stone. L. S., Ann. X. r. Acad. Set, 194S, 49 
S5G. ' ’ 

r. Sperry, R. W'., J. Comp. Xcurol., 1943, 79, 33, 

s Wach?. H,. lloux .irclt., 1920, 40 S^S 

oSato, T., r.otix Arch., 1933, J.lo.'m. 

10 Monroy, A., Eoux Arch., 1930, 139, 530. 

11 Zolokav, M., Ecv. Suisse d. Zoot, 1944 31 
443. 

li BueWerr. M., Arch. f. OpihoX., 1933, 1.30, 257. 


portion of the retina derives its origin from 
the surxiving retinal pigment cells. ^ This fact 
was demonstrated also in a study of 100 eyes 
from which the entire neural retina was suc- 
cessfully' removed intact through a dorsal slit 
along the corneo-scleral junction after it had 
been detached from the underlying retinal 
pigment layer by' a gentle stream of Ringer’s 
solution emerging from 'a micropipette. The 
excised retinae were preserved and later ser\'ed 
as controls for the eyes with regenerating ret- 
inae. 

As soon as the pigment epithelial cells lose 
contact with neural retinal tissue they can be 
followed step by step as they change their 
structure and function. .\t first they' become 
flattened oval densely pigmented bodies. Soon 
they increase in size and undergo mitosis. One 
daughter cell migrates inward, loses its pig- 
ment and gives rise to a chain of cells which 
later form the new neural retina. The other 
takes on the characteristics of a retinal pig- 
ment cell. Its pigment granules regain their 
ability to migrate in the presence of light only 
when the rod and cone cells of the new retina 
above them differentiate. It was also noticed 
in these experiments that the lost x-itreous 
body was eventually replaced. 

In another group of 63 eyes various in- 
juries were made by inserting a micropipette 
through a wound in the cornea and removing 
by' suction limited areas of the neural portion 
of the retina. In the larger wound areas the 
denuded pigment cells responded in the same 
manner as in those eyes from which all of 
the neural retina was eliminated. On the 
other hand if the wound area was small a 
rapid proliferation and migration of the 
heavily pigmented cells partially filled the 
space before depigmentation spread among 
them. .As in other wound areas repair was 
carried to completion to replace the lost retin- 
al tissue. There was always a sharp de- 
markation between the surrounding intact 
neural retina and the regenerating one. Xo 
e%'idence was found to support the idea that 
suiwix-ing cells of the neural portion of the 
retina bordering the ivound ever contributed 
to the formation of the new retina. 

To bring forth a response from the retinal 
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pigment cells it is not essential to destroy or 
completely remove the neural portion of the 
retina. If a segment of the fully differentiated 
or regenerating neural retina becomes de- 
tached as an elevated fold it may survive. In 
the arch beneath it the retinal pigment cells 
immediately give rise to a secondary neural 
retina. 

In 59 experiments segments of the eye wall 
containing the retinal pigment layer were im- 


planted in the vitreous chamber of recipient 
eyes from which the lens had been removed. 
They also showed the development of neural 
retina from the pigment layer. It is therefore 
concluded that the regenerating neural por- 
tion of the retina in the adult urodele eye has 
its only source of origin from the cells of the 
retinal pigment layer. 


Beceived Sept. 22, 1949. P.S.E.B.M., 1949, 72. 


Enhancement of Hemolytic Activity of Complement by Polyethylene 

Glycols.* (17440) 

David L. McVickar (Introduced by Roy C. Avery) 

From the. Dtpartments o{ Palhology and Pediatrics, Vanderbilt University School of Medicine, 

Nashville, Tenn. 


In the course of an investigation designed 
to test the ability of various substances to 
prevent the deterioration of complement, it 
was found that certain of the polyethylene gly- 
cols greatly enhance the hemolytic activity 
of complement. The polyethylene glycols, a 
series of polymers with the general formula 
H 0 CH 2 (CH 20 CH 2 )xCH 20 H, are soluble in 
water and in many of the aromatic hydro- 
carbons. The compounds ivith average molec- 
ular weight up to 700 are liquids; those 
with average molecular weight above 1000 
are wax-like solids, sold under the trade name 
“Carbowax”.! This paper constitutes a pre- 
liminary report on the effect of the polyethyl- 
ene glycol carbo%vax-4000 on the hemolytic 
activity of complement, as determined by 
complement titrations in the presence and 
absence of this compound. 

Procedure. Complement titrations were 
carried out according to the 50% hemolysis 
end-point method developed by Mayer ct al.,^ 
and Kent el ah- The reaction mixtures, 20 

» This ivorlT was supported Ly grant from the 
National Tubercnlosis Association. 

t Carbon and Carbide Chemicals Corporation, 


aiayj M. M., Eaton, B. B., and Heidelberger, 
, J. Immnnol., 1946, 53, 31. 

: Kent, J. F., Bnkantz, S. C., and Eein, C, B., 

Immunol., 1946, 53, 37. 


ml in volume, had the following composition: 
1) 1 part complement, the dilution so ad- 
justed as to yield final dilution values rang- 
ing from 1:3300 to 1;950; 2) 1 part stand- 
ardized suspension of sensitized erythrocytes; 
3) either 2 parts of buffered saline,® or 2 parts 
of an 8% solution of carbowax-4000 in buf- 
fered saline. The sensitized erythrocytes 
were well mixed with either buffered saline 
or carbowax-4000 solution, and then the 
complement added dropwise with constant 
agitation. All components were kept in ice- 
water until time of incubation. The reaction 
mixtures thus prepared were incubated at 
37°C for 60 minutes, with frequent agitation. 
After centrifugation of the mixtures, readings 
of per cent hemolysis in the supemates were 
made at SSOO A in a Coleman spectrophotom- 
eter, an optical density of .500 representing 
complete hemolysis. Titrations were carried 
out in duplicate. Controls were set up of 1) 
sensitized erythrocytes and carbowax-4000, 
2) unsensitized erythrocytes and carbowa.x- 
4000, and 3) complement, unsensitized eryth- 
rocytes and carbowax-4000. 

Results and discussion. None of the con- 
trol tests showed any hemolysis. The results 
of the titrations are shown in Fig. I, in which 

a Mayer, M. M., Osier, A. G., Bier, O. G., .mid 
Heidelberger, M., .7. Exp. Med., 1946, 34, 535. 
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RECIPROCAL OF COMPLEMENT DILUTION (! 08 .fCo!») 

Flo. 1. 

Titration of comiilcmcnt in tlic presence and absence of 4% carborvnx-4000. Tlie 
complement dilutions referred to on the abscissa represent final dilutions, not the 
dilutions added to tlio reaction mixture. 


the probit of the percent hemolysis is e.x- 
pressed as a function of the log of the dilu- 
tion of complement, in the presence and ab- 
sence of 4% carbowax-4000. The dilutions 
of complement, with or without 4% carbo- 
TOX-4000, calculated to yield a required per 
cent hemolysis, as determined from the curves 
of Fig. 1, are set forth in Table I. A striking 
difference in the ability of a given dilution of 
complement to lyse sensitized erythrocytes in 
the presence or absence of carbowax-4000 is 
evident. Within the range of values for per 
cent hemolysis which can be used with as- 
surance in this technic, the two cur\'es over- 


TABLE I. 

I'oiiiparisou of Reciprocals of Dilutions of Com- 
plement Calculated to Give a Required Per Cent 
Hemolysis in Presence and Absence of 4"/^ Car- 
bnwax-4000. 


Reciprocal of dilution of comi>iement 


Cf beinolysia Witbont carbowax With earbovva 


10 

eo 

.10 

•to 

.'■>0 

fill 

70 

SO 



lap only at a complement dilution of 1 : 1950. 
At this point, complement alone gives 11,5% 
hemolysis; complement and 4% carbowa.x- 
4000 together, give 79.9% hemolysis, an in- 
crease of nearly 700%. The RDjo unit 
(that amount of complement required to htse 
50% of the sensitized erythroc\-tes) in the 
absence and presence of 4% carbowax-4000 
is 1:1270 and 1:2510 respectiveljL The fact 
that only approximately half the usual amount 
of complement is necessary for 50% hemolysis, 
with 4% carbowax-4000 present, may be of 
practical importance for complement-fi.xation 
tests, a possibility which is being investigated. 
The other polyethylene glycols are being 
tested for similar activity, and a detailed 
study of the general reaction described in this 
paper is under waj-. At present no e.xplana- 
tion of the mechanism of the enhanced hemo- 
h'tic activity of complement in the presence of 
polyethylene glycols can be offered, though it 
is perhaps worthwhile to speculate on a pos- 
sible relation between the fat-solvent nature 
of these compounds and the lipwidal compon- 
ents of the erj'throcytic membrane. 

Tlie author wishes to acknowledge the technical 
assislam*c of Miss Dolores Smith. 

Reccivea Sept. 1940 ^ I>.syE.B.M., 1949, 72 . 
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pigment cells it is not essential to destroy or 
completely remove the neural portion of the 
retina. If a segment of the fully differentiated 
or regenerating neural retina becomes de- 
tached as an elevated fold it may survive. In 
the arch beneath it the retinal pigment cells 
immediately give rise to a secondary neural 
retina. 

In 59 experiments segments of the eye wall 
containing the retinal pigment layer were im- 


planted in the vitreous chamber of recipient 
eyes from which the lens had been removed. 
They also showed the development of neural 
retina from the pigment layer. It is therefore 
concluded that the regenerating neural ]^r- 
tion of the retina in the adult urodele eye has 
its only source of origin from the cells of the 
retinal pigment layer. 


Received Sept. 22, 1949. P.S.E.B.JI., 1949, 72. 


Enhancement of Hemolytic Activity of Complement fay Polyethylene 

Glycols.* (17440) 

David L. IMcVickar (Introduced by Roy C. .Avery) 

From the Departments of Pathology and Pediatrics, Vanderbilt University School of Uedidne, 

Nashville, Tenn. 


In the course of an investigation designed 
to test the ability of various substances to 
prevent the deterioration of complement, it 
was found that certain of the polyethylene gly- 
cols greatly enhance the hemolytic activity 
of complement. The polyethylene gl.vcols, a 
series of polymers with the general formula 
H 0 CH 2 (CH 20 CH 2 )xCH.. 0 H, are soluble in 
water and in many of the aromatic hydro- 
carbons. The compounds wth average molec- 
ular weight up to 700 are liquids; those 
with average molecular weight above 1000 
are wa.x-like solids, sold under the trade name 
“Carbowax”.! This paper constitutes a pre- 
liminary report on the effect of the polyethyl- 
ene glycol carbowax-4000 on the hemolytic 
activity of complement, as determined by 
complement titrations in the presence and 
absence of this compound. 

Procedure. Complement titrations were 
carried out according to the 50% hemolysis 
end-point method developed by IMayer et al.,^ 
and Kent et air The reaction mixtures, 20 

This work was supported by a grant from the 
National Tuberculosis Association. 

t Carbon and Carbide Chemicals Corporation, 


lew York. „ • , n 

1 Mayer, 51. M., Eaton, B. B., and Heidelbcrgcr, 

f., J. Immunol, 1940, 53, 31. 

2 Kent, J. E-) Buhantz, S. C, and Rein, C. R., 
. Immunol, 1946, 53, 37, 


ml in volume, had the following composition; 
1) 1 part complement, the dilution so ad- 
justed as to yield final dilution values rang- 
ing from 1:3300 to 1:950; 2) 1 part stand- 
ardized suspension of sensitized erythrocytes; 
3) either 2 parts of buffered saline,® or 2 parts 
of an 8% solution of carbowax-4000 in buf- 
fered saline. The sensitized erythrocytes 
were well mixed with either buffered saline 
or carbowax-4000 solution, and then the 
complement added dropwise with constant 
agitation. All components were kept in ice- 
water until time of incubation. The reaction 
mixtures thus prepared were incubated at 
37°C for 60 minutes, with frequent agitation. 
After centrifugation of the mi.vtures, readings 
of per cent hemolysis in the supemates were 
made at 5500 A in a Coleman spectrophotom- 
eter, an optical density of .500 representing 
complete hemolysis. Titrations were carried 
out in duplicate. Controls were set up of I) 
sensitized erythrocytes and carbowax-4000, 
2) unsensitized erythrocytes and carbowax- 
4000, and 3) complement, unsensitized eryth- 
rocytes and carbowax-4000. 

Results and discussion. None of the con- 
trol tests showed any hemolysis. The results 
of the titrations are shown in Fig. 1, in which 

3 Mayer, M. M., Osier, A. G., B!eL~OrG., .amt 
Heidelberger, !Nr., J. Nrp. Zlcrl, 3946, S4, o3.i. 
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TABLE I. 

Effect of Metliionine Deritiencv Upon Enzyme Activity in Rat Liver. 


Enzyme 

Ration 

Xo. of 
animals 

Actirity based on 
wet liver 

Activity based on 
liver X 

Xanthine oxidase 

Basal 

3 

0* 

0*^ 



3 

0 

0 


Basal -f- methionine 

4 

141 

4150 



3 

134 

4100 



O 

137 

4120 

Succinic dehydrogenase 

Basal 

3 

14.8 1 

5001 



3 

12.5 

540 


Basal -f- niethionine 

4 

IS.O 

550 



3 

18.G 

5G0 



o 

IS.G 

580 

Endogenous respiration 

Basal 

3 

l.OGt 

35.01 



3 

1.07 

45.0 


Basai -f- methionine 

4 

1.51 

44.5 



3 

1.4S 

4.5.6 



2 

1.5G 

48.5 


* L'nits = n 10; per lir per g wet liver. * 
1 Enits = fi lOo per lir per mg wet liver. 


liver from the animals sacrificed at one time 
•were pooled in 5 volumes of ice-cold 0.039 M 
sodium potassium phosphate buffer, homog- 
enized for 3 minutes, and strained through 
gauze. This homogenate was used in the 
xanthine oxidase determinations according to 
the method of Axelrod and Elvehjem.® A 
portion of the homogenate was diluted with 
buffer to give a 10% homogenate, which was 
employed for measuring succinic dehj-dro- 
genase according to the method of Schneider 
and Potter.® Both enzj-mes were assayed 
iising a Warburg bath maintained at 30°C. 
Aliquots of each homogenate were taken for 
nitrogen determinations in triplicate using a 
microKjeldahl procedure. 

Results. The enzyme values as presented 
in Table I. are based both upon liver wet 
weight and liver nitrogen. Since enz 3 -mes are 
protein in nature, loss or gain of enzyme ac- 
tivity as compared to general liver protein can 
be obtained by basing enz 3 Tne activit 3 ' upon 
liver nitrogen. This also negates the effects 
of dilution of liver by gh-cogen or lipid. En- 
dogenous respiration of the liver homogenates 
was calculated from the first 10-minute period 

•- Axelrod. A. E,. !ind Eivel^em, C. A.. .7. 
C/irm.. 1041. HO. 725. 

fifinbroit. rt at., Manomctric tcrlmies .and re- 
lalcd nu-tliods for the study of tissue met.-tbolism 
1945. 


of oxidation before xanthine was added to 
the flasks for measuring xanthine oxidase ac- 
tivit 3 L Endogenous respiration is reported 
since it is believed to be a measure of general 
liver metabolic rate. 

As shown in the table a methionine de- 
ficienc 3 ' induces a significant decrease in all 
3 of the activities measured when activity 
is based upon wet weight of the liver. It 
was observed that the livers of the methion- 
ine deficient animals were somewhat infil- 
trated with fat, which probably accounts for 
the more noticeable decrease of wet weight 
enzyme acti\nt 3 ' in the amino acid deficient 
rats. The comparative loss of enz 3 Tne ac- 
ti\it 3 ' with general liver protein is not so 
pronounced in the case of succinic deh 3 'dro- 
genase activit 3 ‘. It appears that activiti' of 
this enzyme, which according to Schneider” 
is centered mainly in the mitochondrial ele- 
ments of the liver cell, is held almost as ten- 
acioush' as other liver protein. 

The striking disappearance of .xanthine 
oxidase activit 3 ’' during a methionine de- 
ficiency is difficult to e.xplain. Seifier ct al.^ 
have reported that during protein staix-ation 
the riboflavin content of the liver is lowered. 
This would not, however, e.xplain such a 
marked loss in flavin enz 3 'me activity’. It ap- 

VSclincidur, W. C.. .1. Riot. Chrm., 194G, IC3. 
5S5. 
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. Effect of Methionine Deficiency upon Enzyme Activity in the Rat.’*^ (17441) 

J. N. WiLLiAiis, Jr., a. E. Denton and C. A. Elvehjem 
From the Department oj Biochemistry, College of Agriculture, Vniversily of Wisconsin, Madison. 


The effects of low protein intake upon 
enzyme activity in the rat have been studied 
recently by several workers. Seifter et aU 
have shown that during complete dietary pro- 
tein deprivation the loss of D-amino acid 
oxidase and arginase activity in rat liver 
occurs faster than loss of general liver pro- 
tein. Westerfeld and Richert* have reported 
that xanthine oxidase activity is decreased in 
rats fed low protein diets. We^ have ob- 
served that liver xanthine oxidase activity is 
very sensitive to subtle changes in nitrogen 
intake. Adult rats fed a diet completely ade- 
quate for maintenance may show a liver xan- 
thine oxidase content far below normal. More- 
over it was shown that addition of 0.25% 
DL-methionine to the diet increased xanthine 
oxidase activity to normal. 


for growth of young rats. Briefly, this na- 
tion consisted of a purified .amino acid mix 
(16%), salts, the known vitamins, corn oil, 
and sucrose. The animals were fed and 
watered ad libitum during the 7-day period. 
At the end of that time the animals were 
divided into 2 groups of 9 animals each. One 
group was given the complete ration, and the 
other group was fed the complete ration less 
methionine. In order to prevent poor food 
intake due to the methionine-deficiency both 
groups of animals during the experimental 
period were force fed in 3 daily portions an 
amount of the ration equal to the average 
intake of the animals during the ad libitum 
feeding period. The rations were taken up in 
distilled water to make a thick suspension and 
were fed by stomach tube. 


The present paper is a preliminary report 
concerning the effects of a true amino acid 
deficiency upon liver enzyme activity. Be- 
cause of the observed strongly limiting effects 
of methionine upon liver xanthine oxidase ac- 
tivity, this amino acid was chosen for the 
first study. Subsequently we expect to report 
the effect of other amino acid deficiencies upon 
liver enzyme activity. 

Experimental. Eighteen male, weanling al- 
bino rats of the Holtzmann strain were placed 


on a good stock ration for 10 days. They were 
then given, for one week, a purified ration 
reported by Ramasarma et al.^ to be the best 

Published with the approval of the Director of 


the Wiseoasin Agricultural E.vperiment Station. 
Supported in part by a grant from the Heseareh 
Committee of the Graduate School from funds 
supplied by the Wisconsin Alumni Research Foub- 
dation; by funds from the Bobert Gould Eesearch 
foundation, Cincinnati, Oliio, and by a grant from 
the Nutrition Foundation, Inc., New Vork, N. T. 

1 Seifter S., Harkness, D. M., Bubin, L., and 

a Westerfeld, W. W., and Bmhert, D. A., Fed. 


Free., 1949, », 265- 
3 Williams, J- N., Jr., and 


Elvohjom, 


C. 


A., 


J. Biol. Chem., in press. 


After 14 days of the force-feeding period ' 
a methionine deficiency was distinctly evident 
in the animals receiving the methionine de- 
ficient diet as evidenced by bleeding of the feet 
and mouth and general loss of weight. Dur- 
ing this period 3 animals of the group re- 
ceiving the methionine-deficient diet died. 
The animals receiving the complete diet 
gained: weight throughout the period and 
showed no detrimental signs because of the 
regimen. 

When the enzyme experiments were begun 
it was thought best to sacrifice the animals 
as quickly as possible in order to prevent vari- 
ations due to different lengths of time on the 
diets. For this reason 3 animals from the 
methionine-deficient group were sacrificed on 
one day; the remaining 3, the next. The 
animals receiving the complete ration were 
sacrificed in the following order on consecutive 
days: 4 animals, 3 animals and 2 animals. 

The animals were killed by decapitation and 
the livers immediately removed. A portion 
of each liver was quickly weighed out on a 
delicate torsion balance. The portions of 

Kamasurma, G. B., Hondersou, B. ^t.. and FI- 
vebjem, C. A., J. Kutrition, 1949, BS, 177. 



Bj2 Concentrate and Liver Injury 


389 


TABLE I. 


Effect of Vitamin Bjo Concentrate on Hepatic C3»anges of Bats Fed High-Fat Diet for 29 Days. 


Xo, of 
rats 

Avg wt 
change, g 

Avg liver Avg liver wt 

wt, g g/100 g rat 

Xo. aiiimah witli )iep,atic 
fatty changes* 

Avg liver 
fat, 

0 

l-f-2-f 

3-f-4-f 



High fat diet, untreated 



6 

55 ■± 6.12 

17.1 ± 1.25 8.1 ± 0.47 

0 

0 

6 

31.5 ± 1.18 


Higli fat diet, -f Bio cone. O 0.2 

uS B,.> 3 times a 



5 

48 ± 8.13 

10.4 ± 0.66 5.1 ± 0,17 

1 

4 

0 

16.3 s: 1-47 


* Grafting of fattv cliange. 

0 = None or only a rare large droplet. 

1+ — Few large droplets in each lobule. 

2+ = More than 1+, but less than half of lobnle involved. 
3+ = Over half of lobule involved, but some cells fat-free. 
4-}- = Almost no fat-free cells. 


TABLE II. 

Effect of Vitamin Bjo Concentrate on Hepatic Clianges of Rats Fed High-Fat Diet for G6 Bays 


Xo. of 
rats 

Avg wt 
change, g 

Avg iiver 
wt, g 

Xo. animals irith hepatic 
fatty changes* 

Avg liver wt , 

g/100 g rat 0 l-+-2-f 3-f-4-f 

.Avg liver 
fat, ‘/r 

4 

160 ± 3.14 

12.1 i: 1.13 

Xoniial diet, control 

4.0 ± 0.37 3 1 0 

5.6 ± 1.08 

8 

43 ± 9.67 

15.7 it 1.07 

High fat diet, untreated 

8.5 ± 0.62 0 1 7 

24.6 ± 0.5!) 

10 

High fat diet, -f Bj-> cone. O 1.0 pig Bjo 3 times ,i ivk 

84.6 rt 8.44 10.7 ± 0.71 4.7 ± 0.22 S " 1 1 

7.8 ± 0.89 


* Patty clianges graded os in Table I. 


in untreated animals to 16.3% in treated 
rats (Table I). Histological e.vamination also 
showed a partial effect of the treatment. The 
vitamin Bm concentrate also prevented the 
increase in liver weight that usually occurs in 
untreated rats fed a high-fat diet. There was 
no significant difference in the gain in weight 
between the two groups of animals. 

Treatment nith a higher amount of vita- 
min Bi-.! concentrate (1 pg of vntamin B ,2 3 
times a week) over a period of 66 days dem- 
onstrated a marked lipotropic activity of the 
concentrate. The fat content of the” liver of 
the treated animals was not significantly dif- 
ferent from the amount present in rats fed 
a normal diet (Table II). Histological e.v- 
aminations of the liver also demonstrated the 
lipotropic activity of the vitamin con- 
centrates. The weight of the liver was simi- 
larly affected by the treatment and was in 
the range of the normal controls. Further- 


more, there was a significantly greater weight 
gain in the treated group as compared with 
the animals fed a high-fat diet alone. 

Disaissiov. A vitamin Bio concentrate ad- 
ministered over a period of 29 and 66 days to 
rats receiving a high-fat diet showed a sig- 
nificant lipotropic effect. This effect is com- 
parable to the previous results obtained with 
liver extract.^-- Both vitamin B]o concen- 
trate and liver extract contained a small 
amount of choline and methionine. An injec- 
tion of vitamin Bio concentrate, containing 
1 gamma of vitamin Bjo, supplied only O.S 
mg of choline, 0.19 mg of methionine, and 
0,06 pg of folic acid. Based on 3 injections 
of the concentrate per week, each rat re- 
ceived only 0.21 mg of choline and O.OS mg 
of methionine per day. These amounts of 
choline and methionine per sc are ineffective 
in preventing the dietary induced fatty 
livers. The rats injected m'th 0.2 pg of 
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pears that the extreme lability of xanthine 
oxidase activity is due to several unknown, 
factors. It is difficult to believe that activity 
of this enzyme is lost because of its lack of 
necessity to the animal since purine metabol- 
ism is believed to be very important in animal 
functions. 

As shown in the table, general endogenous 
respiration of the livers of the animals receiv- 
ing the complete ration and those receiving the 
methionine deficient ration are essentially the 
same. Stare and Elvehjem® had reported 
that endogenous respiration of chick and rat 
tissue is practically unaffected by various 
vitamin deficiencies. It has been recently re- 

8 Stare, F. J., and Elvelijem, C. A., Am. J. 
Fltysio}., 1933, 105, Go5. 


ported® that endogenous respiration of chick 
liver is unaffected by folic acid or vitamin 
Bi 2 deficiencies. It thus appears that while 
dietary conditions have little effect upon the 
total endogenous metabolism of the liver in- 
dividual enzyme activities may be varied sig- 
nificantly by the diet. 

Summary. It has been observed that a 
methionine deficiency in the rat reduces liver 
succinic dehydrogenase activity slightly, com- 
pletely reduces liver xanthine oxidase activity, 
and has practically no effect upon endogenous 
respiration of liver tissue in vitro. 

a Williams, J. N., Jr., Niehol, C. A., .and El- 
veli, 7 em, 0. A., J. Siol. C/iem., 1949, 180, 689. 

Received Sept. 26, 1949. P.S.E.B.M., 1949, 72. 
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Lipotropic Effects of Vitamin B 12 Concentrate. (17442) 

Victor A. Drill and Harry M. McCormick 

From the Department of Physiology and Pharmacology, Wayne University College of Medicine, 

Detroit, Mich. 


It has recently been reported that crude 
liver extract exerts a lipotropic effect in rats 
with dietary induced liver injury.^ The ef- 
fect of the liver extract was not due to stimu- 
lation of the appetite with a resultant increase 
in protein intake, nor did the lipotropic effect 
seem to be related to the choline content of 
the liver extract. It was also demonstrated 
that other supplements, with a higher choline 
content than that of liver extract, exert a lesser 
degree of lipotropic activity ivhen compared 
with liver extract.- In the present studies 
the lipotropic effect of a vitamin B 12 concen- 
trate was determined in rats fed a high-fat 
diet. 

Methods. Male rats of the Sprague-Daw- 
ley strain, weighing between 115 and 149 
arams were used. The high-fat diet (51% 
krd) and the control diet (6% lard) as re- 
cently described,® were fed ad libitum for the 


A., Pkoc. Soc. Exp. 

Bioii. .VXD Med., 194S, 00, 3. r sr i v ■ 

2 Prill, V. A., and H.-jll, C. A., A m. J. Med. Set., 


in press. 


period listed in Tables I and II. When the 
am'mak were placed on the synthetic diets 
injections of vitamin B 12 concentrate were be- 
gun and were administered subcutaneously 3 
times a week.* At the end of the e.xperiment 
sections were taken from the left lobe of the 
liver and stained with hematoxylin and eosin. 
Frozen sections were also made and stained 
with Sudan III. The remainder of the liver 
was analyzed for total fat.'* 

Results. In the first study treatment with 
a vitamin Bjo concentrate, in doses of 0.2 fig 
of vitamin B 12 3 times a •nxek, reduced the 
average fat content of the liver from 31.5% 

3 H.'ill, C. A., and Drill, V. A., Proc. Soc. E.xp. 
Bion. AND StED., 1949, 70, 202. 

• Tlie Oleum Percomorpitum used in the diet 
was kindlj supplied by Me.ad Johnson and tojn- 
pany. 

The vitamin Bjo concentr.ate was supplied li) 
Dr. T. H. Jukes of Lederle laboratories Division 
of the American Cyanamid Company. 

4 Outhouee, E. L., and Forbes, J. C., J. Lah. aitd 
Clin. Med., 1939, 25, 1137. 
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FiO. 2. 

JComogram for detemining ko„ and kcOj for micro respiration ressels. 


fill the vessel and upper part of the manometer vice, or glass Mohr pipette with drawn-out tip. 
down to the 75 mark to be used as zero with A nomogram constructed according to Dick- 
one "filling of mercur>’. This technic avoids ens^ is presented in Fig. 2 to facilitate ob- 
the second stage of filling from a scratch mark taining vessel constants at 37°C for vessels 
to the zero with its possible errors. from 1 to 5.5 ml in volume. It should be 

In operation, the movement of fluid in the emphasized that V is the total capacity of 
open limb of the manometer is quite rapid vessel and manometer to the midway mark 
because of the small gas volume in the vessel used as the zero for the constant volume read- 
for expansion or contraction. Tipping over ings. In the example shown, the total volume 
substrate from the side-bulb requires a scrupu- of vessel and manometer limb is 3500 /»! and 
lously clean glass surface, lest a grease layer the fluid volume in the vessel is 400 /d. The 
accentuate the difficulty of pouring from such koe for this e.xperiment is 0.277 and the kcoa 
a small cup. t'olumes of solution which have is 0.294. Thus the change in manometer 
been found convenient to use are 300 nl of reading due to gaseous exchange would be 
buffered medium. 50 /il of alkali (usually 10% approximately 3.5 times as great as the actual 
KOH ) in the center well and 50 ftl of substrate volume changes. 

solution in the side-bulb. For complete CO 2 Table I lists Qo; comparisons for several 
and 0-.; determinations, 75 ftl of BafOH); may rat tissues obtained in this laboratoiy- between 
be placed in the side-arm and 100 /i] of HCl in these vessels and the conventional 17 ml size, 
the center nell. These small volumes of fluid The metabolic activities correspond closely, 
may be introduced into the desired parts of the The sensitivitv difference is about the 4- to 

vessel by means of a tuberculin syringe and I 

needle, Kirk micro-pipette and delivering de- * Dickens, F., Biochcm . J ., 1945, 39, 427. 
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vitamin Bis received onty one-fifth of the' 
amount bf these added factors.. The nature of 
the lipotropic action of' the vitamin Bjs con- 
centrate is not known. It is possible that the 
effect of -vitamin Bjo and choline are interre- 
lated, particularly as it has been reported that 
dietary choline has a specific sparing action 
on vitamin B 12 as measured by the growth of 
the chick.® Further studies on the possible 
lipotropic action of crystalline vitamin B 12 
are in progress. 


Concbision. A concentrate of vitamin Bu 
exert^. a marked lipotropic effect ■when in- 
jected into rats r^eiving a high-fat diet. This 
lifiotropic effect was not due to the small 
amount of choline present in the concentrate. 

5 Schaefer, A. E., Salmon, tV. D., and Strength, 
D. R., Pkoc. Soc. Exp. Bion. axd Med., 1949, 71, 
202 ., 

Received Sept. 26, 1949. P.S.E.B.M., 1949, 72. 


A Micro Version of the Barcroft-Warburg Tissue Metabolism 
Apparatus.* (17443) 

S. B. Barker 

Frcm the Depnrtment of Physiolosy, State. University of Iowa, Iowa City. 


Often it is desirable to measure oxygen 
consumption or other gaseous exchange of 
amounts of tissue too small to yield adequate 
changes in the usual 15-17 ml Warburg 
vessel. Several different types of apparatus 
have been constructed for this purpose: War- 
burg mentioned one of 4 ml capacity,* the 
Fenn type- is well known, and in recent years 
more diversified models have appeared (cf. 
evaluation by Tobias®). 

A miniature form of the standard Warburg 
type, shown in Fig. 1, was designed of 2.S 
to 3.3 ml capacity which has proved so con- 
venient that this brief report is being made 
to note its availability.f The actual size is 
about 20 mm bottom diameter and 35 mm 
height, with the main vessel orifice being 
standard taper 14/20 and the side-bulb open- 
ing 6/15. A lip is placed on the center well, 
facing the side-bulb, for ease in pouring if the 


* Tills invcstigatioD was supported in part by <1 
research grant from the Dirision of Research 
Grants and EelJowsWps, Nation.-!! Institutes of 
He,alth, T. S. Public Health Service. 

I -Warburg, 0., 'Biochexix. Z., 1923, 142, 317. 

2 Penn, W. 0., Am. J. Physiol., 1928, 80, 327. 

3 Tobias, J. M., Physiol Pee., 1943, 33, 51. 

i The author wishes to thank the E. Maehlett 
romnanv, 220 East 23rd St., New York City, for 
its cLperation in designing and fabricating these 


vessels. 


barium hydroxide-hydrochloric acid procedure 
is used for measurement of CO 2 production in 
the same vessels in which O 2 consumption is 
determined. Four hooks, instead of the con- 
ventional two, are routinely placed on all of 
our flasks and manometers in order to avoid 
the need for repairs when one hook is acci- 
dentally knocked off. 

The manometer has a graduated portion ISO 
mm long, made from tubing about 1 mm inner 
diameter, to increase the total capacity as 
little as possible. Calibration is carried out by 
the use of mercury, although it is desirable to 
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TABLE n. 


Hematologie Data on Cases Treated for Sfore tlian One Year. 



Avg before treatment 

Avg after treatment 

Increased cases 

Decreased cases 

HI). 

12.1 g 

12.2 g 

24 

21 

E.B.C. 

4,540.000 

4,480,000 

17 

28 

W.B.C. 

7,100 

6,900 




acid administration to patients having macro- 
cytic anemia, a long-term study in nonper- 
nicious anemia persons vras instituted. 

Methods. Seventy individuals were studied 
for periods of from 5 to 13 months each, for 
a total of 768 patient months. Forty-five of 
the 70 were followed for more than one year. 
The cases were selected from hospital and out- 
patient population. Patients suffering from 
the following diseases were included, such as: 
rheumatoid arthritis, hy'pertension, rectal 
polyp, epidydimitis, alcohol neuropathy, lues, 
tracheitis, neurasthenia, bronchiectasis, chole- 
cystitis, bronchial asthma, osteoarthritis. 
Beck’s sarcoid, cretinism and arteriosclerosis. 
The criteria used in selection were availability 
for follow-up and ability to cooperate. To 
reduce variables, no patients with pernicious 
anemia or diabetes mellitus were accepted. Ko 
attempt was made to alter general disease, as 
regards diet and medication. Table I shows 
age and se.x distribution of the 45 cases 
studied for more than one j^ear. Each person 
was given 20 mg of folic acid daily, orally, 
in the form of one tablet. During the period 
of study some patients improved from their 
primary disease and were discharged. This 
accounts for the variability in period of sur- 
vey. .\t monthly interv’als all cases were 
checked for hematologic data and neurologic 
status, which included a complete blood count 
and hemoglobin, gait, tendon reflexes, touch, 
vibration, and temperature sense, Romberg 

n \V,igUy, P. F., .Wir 
a-IS. 11. 


sign and muscle grip. 

Results. There were no changes noted dur- 
ing the period of study in the group of 70 
patients No patient developed any subjec- 
tive or objective sign of combined sclerosis or 
peripheral neuritis. Hematologic data are 
given for the sake of completeness. Table II 
shows averages of hemoglobin, red cell count 
and white cell count for the 45 patients stud- 
ied over one year. No interpretation can be 
offered since diet, medication and primary' 
disease variables must be as significant as folic 
acid administration. 

Comment. It is known from several stud- 
;es 2 -fi.s-ii that folic acid does not protect the 
pernicious anemia patient from combined 
sclerosis. Other reports'-' have shown the 
appearance of combined sclerosis symiptoms 
in patients triUi macrocytic anemia of gastro- 
intestinal origin on folic acid therapy. No 
reports have demonstrated appearance of neu- 
rologic disease in non-macrocj'tic anemia pa- 
tients taking folic acid. This long-term study, 
constituting 768 patient-months on 20 mg 
daily dosage of folic acid showed no neurologic 
toxicity. Most patients taking the drug re- 
ported a feeling of well-being. The blood 
counts in these non-macrocydic anemia pa- 
tients were not significantly changed. 

Summary. A study of long-term folic acid 
administration in 70 non-macrocytic anemia 
patients was made. Signs related to sub-acute 
combined sclerosis or peripheral neuritis did 
not develop in any of the group. 

Rweived Hent. 28, 1949. I\S.E.B.M.. 1949, 72. 
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„ , TABLE I. 

Comparison of Amounts of Rat Tissue and Qo„ Values in Standard and in Slicro Vessels. 


Tissue 

Micro vessel 

Macro vessel 

Tissue vet, mg* 

Qoof' 

tr 

Tissue 4vt, mg* 

QoJ 

Diaphragm 

40 

0.9S 

150 

1.02 

Heart 

40 

0.76 



Skeletal muscle 

60 

0.57 

300 

0.45 

Kidney 

15 

3.32 

80 

3.25 

Liver 

40 

1.29 

200 

1.34 

Thyroid 

20 

0.95 




* Wet wights are used throughout, 
t cu mm O^/mg ■n-et ivt/hr. 


5-fold one would anticipate from the difference 
in constants. There is little reason for using 
the micro-vessels for a tissue as metabolically 
active as kidney, because of the great care 
required in weighing the approximately IS 
mg samples. The real value is in such cases 
as skeletal muscle, with a low rate of metab- 
olism, or thyroid gland, ivith so little total 
tissue available. 

Summary. A micro modification of the 
standard Warburg vessel for the study of 
gaseous exchange of tissues has been de- 


scribed. As would be anticipated from the 
decrease in size from 17 ml to about 3 ml, 
the amounts of tissue required for satisfactory 
results can be reduced to about one-fifth those 
usually used. 

An advantage over other more sensitive ap- 
paratus is that the manometer supports are 
interchangeable with the standard Barcroft- 
Wariburg supports, so the same water-bath and 
shaking device can be used for both. 

Beceived Sept. 27, 1949. 1949, 72. 


Administration of Folic Acid to Patients Without Anemia.* (17444) 

H.4RVEY POLUKOFF, ALBERT StERNBACH, WiLLIAM H. WaLKER, RoBERT L. KaSCHT 

AND Leo M. Mever. 

From the Medical Division, Goldivater Memorial Hospital, Welfare Island, and the Medical Service, 
St. John’s Episcopal Hospital, Brooklyn, N. T. 


In view of reports*"^ showing the ap- 
pearance of neurologic disease following folic 

The folic .^cid used in this study was furnished 
by the Ledcile Laboratories Diwsion, Americau 
Cyanainid Companj'. 

1 Davidson, L. S, P., and Girduood, B. H., 
Lancet, 1948, 254, 360. 

2 Hall, B. E., and Watkins, C. H., J. Lap. and 
Clin. Med., 1947, 32, 622. 

3-BeMe, B. W., and Welch, A. D., JM.M.A., 


947, 133, 739. a i i \ n 

4 Jacobson, S. D., Berman, L., Axelrod, A. E 

.„d vauder Heide, E. C., gj 

5 Meyer, L. M., Hull. At T. Acad. Med., 1946, 


2, 484. ' ^ 

0 Meyer, L. M., Blood, 1947, uO. 

7 Sle?er, L. M., Am. J. Clin. Bath., 1948, 18, 811. 


TABLE I. 


Distribution of Gases Treated for 

More Than One 

Year. 5 24 5 21. 


Age 

No. 

10-19 

1 

20-29 

3 

30-39 

8 

40-49 

8 

50-59 

8 

60-69 

9 

70-79 

7 

80-89 

1 


8 Boss, J. P., Belding, H., and Paegcl, B. L., 
Blood, 1948, 3, GS. 

oVilter, C. P., Vilter, R. W., and Spies, T. D., 
Froc. Central Soc. Clin. Bcscarch. 1946, 10, 26. 

10 Vilter, G. F., Vilter, E. W., and Spies, T, D., 
J. Lab. and Clin. Med., 1947, 33, 262. 
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Discussion. The use of tungstate and sul- 
furic add to prepare a protein free filtrate, 
while not remodng the carbohj'drate is a 
standard procedure in blood anaWsis work.^ 
The fact that the blood group specific sub- 
stances are carbohydrate like lends them ad- 
mirably to this procedure. The method was 
probably never attempted before because of 
the nature of the reagents used since there 
was some doubt in our mind initially as to 
whether the blood group specific substance 
would withstand this treatment. It is not 
claimed that a superior product is obtained 

■* Andrew's, J. C., and Krker, G. C., 1947, A 
Laboratory Manual of Biological Clicmistry, Ed- 
wards Brothers, Inc., Ann Arbor, Mich. 


by the Folin-Wu technic in comparison to the 
method of Goebel, but the procedural sim- 
plicity' of the former makes it a method of 
choice which should be easily' used when 
animal tissues are the source of blood group 
specific substances. 

Summary. A method for preparing blood 
group specific substance A from Difco neo- 
peptone by the Folin-Wu technic is described 
and comparisons with other preparations are 
made. The method is simple and the product 
obtained compares favorably' in purity' and 
potency' with products obtained by' other 
methods. 

Keceived October 4, 1949. P.S.E.B.M., 1949772- 


Influence of Adrenal Cortical Steroids and Related Compounds on Sodium 

Metabolism.* (17446) 

Ralph I. Dorfman (With technical assistance of Richard Hohman, John IMurphy, 

Adeline S. Dorfman) 

From the Departments of Biochemistry and Medicine, B'estern Reserve University Sehool of 
Medicine and Lakeside Hospital, Cleveland, 0. 


In a previous paper from this laboratory'^ 
it was demonstrated that as little as one micro- 
gram of deso.vycorticosterone produced a sig- 
nificant retention of sodium in the adrenalec- 
tomized male rat. This communication is 
concerned with the study of various adrenal 
cortical steroids and related compound on 
sodium metabolism fay the same technic. 
These steroids include Il-dehy’drocorticoster- 
one, 17-hydro.\-ycorticosterone, corticosterone, 
pregnanetrione-3, 11, 20, allopregnanetriol-3 
W), 17 (a), 21-one'20, alloprenanepentol-3 
(0), ll(/3), 17(a), 20, 21-30), 20, 21 tri- 
acetate, A^-prenenol-21-trione-3, 12,20 ace- 
tate, testosterone, estradiol, and pregnanetri- 
one-3. 12, 20. 

Atiimals, Materials, Methods. The rats 

* Supported in part by resc.trch grants from the 
Division of Research Grants and Fellowsinps of 
the Public Health Service, and Sharp and Dohmc, 
Inc., Glcnoldon. Pa. 

1 Dorfman. R. I., Potts, A. M., and Foil, M. L., 
SnflocrinoJofjii. 1947, *11, 4G4, 


were obtained from Carworth Farms. They’ 
were bilaterally adrenalectomized in one stage 
under ether anaesthesia. The animals sub- 
sisted exclusively on a chow diet both before 
and after adrenalectomy. When more than 
24 hours elapsed between adrenalectomy and 
the day' the e-\periment was run the rats were 
^ven normal saline in place of ordinary' drink- 
ing water until the morning of the experiment. 

The test material was injected subcutan- 
eously in 0.25 cc of com oil One hour later 
the rats received subcutaneously, 2 cc of a 
solution containing sodium chloride and the 
radiosodium, t The dose of sodium chloride 
was 35 (ig per gram of body weight. The 
animals were placed in glass collecting cages 
and the urine collected for 6 hours. The urine 
was dried and the concentration of radio- 
sodium in the residue determined as de- 
scribed previously.^ 

t The mdiosodiura was supplied by the Jfons.anto 
Cliemical Cotnp.any, through the TI. S. Atomic 
Energy Commission. 
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Simplified Technic for Preparing Blood Group Specific Substance A. 

( 17445 ) 

Earl B. Gerheiji, Michael K. Berkut, and Julia K. Gerheim (Introduced by 

Walter H. Seegers) 

From the Department oj Physiology and Pharmacology, Wayne University College of Medicine, 
Detroit, and Department of Biochemistry, University of North Carolina, Chapel Hill. 


Since the blood group specific substances 
are carbohydrate like in nature it seemed logi- 
cal that such a simple technic as preparing a 
protein free filtrate by the Folin-Wu method 
would be an easy way to prepare blood group 
substance A from Difco neopeptone. As ■will 
be shown the blood group substance was not 
destroyed by the reagents used in the Folin- 
Wu adaptation. The product which is ob- 
tained compares favorably in potency and 
purity with preparations made with more 
difficult procedures. 

Materials and Methods. The starting ma- 
terial for this Folin-Wu adaptation was a S% 
solution of Difco neopeptone in distilled water. 
For every 30 ml of neopeptone solution IS ml 
of 10% sodium tungstate was added, followed 
by the slow addition of IS ml of 2/3 N H 2 S 04 . 
After all the sulfuric acid was added the con- 
tainer was shaken and then left to stand for 
10-15 minutes. The filtrate which contains 
the. blood group specific substance was dia- 
lyzed against cool running water until a nega- 
tive test for tungstate, sodium and sulfate was 
obtained. The various chemical tests such as 
■the picric acid, Molisch, etc. were run on this 
dialysate (recorded under results). Two pro- 
cedures ■n-ere used to prepare the final product: 
either, (1) the dialysate was precipitated ■with 
10 volumes of acetone, centrifuged and dried 
in a vacuum desiccator, or 2) dialyzed against 
several changes of physiological saline and 
stored in the liquid form. The former product 
was tested in inhibition studies on a dry 
weight basis and compared with products pre- 
pared by the method of Goebel.^ It should 
be recalled that this investigator prepared 
blood group specific substance A from neopep- 
tone by multiple precipitations -(vith 95% 
alcohol, using the deproteinizing meth^ of 
Sevag.- In addition to companng the latter 


product of our method with the product ob- 
tained by Goebel’s method, it was compared 
with the blood group substance A content of 
a commercial product (Sharp-Dohme). 

Anti-sera. Anti A sera for tests was pre- 
pared so as to contain as nearly as possible 8 
units of isoagglutinin per unit volume.® 

Inhibition tests. One drop of anti-.A. sera 
was added to one drop of the particular 
strength of the blood group specific substance. 
The tube was shaken and left to stand for 
45 minutes at room temperature. One drop 
of a 2% suspension of A cells was added, the 
tube was shaken and left to stand for one 
hour. The presence or absence of agglutina- 
tion was determined macroscopically. The 
technic is a modification of Wiener's® method 
for testing for secretors. 

Resvlts. The saline dialysate compared 
favorably with the commercial preparation in 
the inhibition tests for blood group specific 
substance A. The dialj^sate of our preparation 
inhibited agglutination through a titer of 256, 
while the commercial product inhibited agglu- 
tination through the titer of 128. 

On a dry weight basis our product inhibited 
the agglutinating properties of 1 drop of anti- 
A sera when only 1 mg was present in 256 mi 
of physiological saline. The Goebel product 
which rve prepared by his method gave inhibi- 
tion when only 1 mg was present in 205 ml 
of physiological saline. 

The Goebel method in our hands as well as 
the Folin-Wu technic gave a product free of 
amino acids according to the picric acid, Mii- 
lons. Biuret and Hopkins-Cole tests. The 
commercial product gave a strongly positive 
Millons test. The Molisch reaction ■was 
strongly positive ■with all products. 

- Sevag, M. C., JSiochein. Z., 1934, 419. 

3 Wiener, A. S., 1945, Blooa Groups and Tr.an.s- 
fnsions, Oiaries C. Thomas, Springfield, III 
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TABLE in. 

Influence of Ai-Pregnenol-21-Trione-S,12/20-21-Acetate on Eserotion of Xa in Adrenalectomized 

Bats. 


Gontrol 


Experimental 



Afean B-W. 
g-S.E. 
(Xo.) 

Alean 

Xa excretion 
(Tc ± .S.E. 

Amt. Mg 

Mean E.W. 
g ^ S.E. 
(Xo.) 

Mean 

Xa excretion 
± S.E. 

Clinnge. 

t 

132 i 4 
(0) 

1..53 0.23 

100 

127 ri: 3 

(9) 

1.75 0.17 

-4-14 

0.76 

124 ± 3 
(S) 

4.30 0.55 

400 

126 i; 0 
(5) 

4.21 i: 0.-50 

.•> 


109 ±3 
(11) 

3.52 ri: 0.41 

1340 

177 i 4 
(12) 

2.36 0.39 

DO 

2.03 


TABLE IT. 

Activities of Various Steroids on Xa Excretion in Adrenalectomized Bats. 


Compound 

Desoxvcorticosterone 
Lesoxyeorticosterone acetate 
A^-Pregnenol-21-trione-3,12, 20-21-acetate 

17-Hydroxi"corticosterone 


11-Dclivdrocortieosterone acetate 
Pregnanetrione-S. 11.20 
Corticosterone 

.\llopregnanepentol-3(^), ll(p), 17(a), 

20.21-3 ( (3) ,20,21-tn,acctnte 
Allopregnanetriol-3(3), 17(a), 21-one-20 
Testosterone 
Estradiol 

Pregnanetrionc-3.12.20 

* Lowest concentration studied. 

of this adrenal cortical steroid. The influence 
of 17-hydroxycorticosterone on the excretion of 
sodium in the adrenalectomized rat is repre- 
sented in Table II. .At a level of 25 /jg a 
mean excretion of 4.88% ct: 0.93% was found 
as compared to the control value of 4.59% r: 
0.48% which represented an insignificant 
change of -1-6%. inien the dose of 17-hy- 
droxycorticosierone was increased to 50 gg 
an increase in sodium excretion of -f- 65 and 
77% respectively in 2 experiments was 
observed. The t values for these experiments 
were 2.570 and 2.020. .At 200 fig a tendenev 
toward increased e.xcrelion of sodium was ob- 
ser\-ed in one e.xperiment (4-445?:, t = l.SSS) 
vthile in a second experiment no significant 
change was observed. 

A"-pregnenol-21-trione-3.12.20 was studied 

at dose levels of 100. 400. and 1340 /ig (Table 


Dosage, fig 

Type of activity 

1* 

Berention 

25* 

J J 

100 

Xegative 

400 


1340 

Betention 

25 

Xegative 

50 

Incrc.ased excretion 

200 

Xegative ( ? ) 

100 

Xegative 

200 

if 

4<10 

ff 

SOO 

.» f 

SOO 

if 

2000 

a 

2000 

ff 

2000 

if 


III), .At a dose level of 1540 a statistical 
significant retention of 33% (t = 2.03) was 
found. Thb is the first instance of biological 
activity being found for this compound. .At 
100 and 400 ftg dose levels no significant 
change in sodium excretion was observed. 

-All other steroids studied were inactive at 
the doses tested. These included: pregnane- 
trione-3. 11.20 (200 /xg), corticosterone (400 
Mg), allopregnanepentol-30), 17(a). 11(a), 
20, 21-3(jS). 20.21 -triacetate (SOO fig), allo- 
pregnar.etrione-3, 12,20 (2000 pg), testoster- 
one (2000 Mg), and estradiol (2000 Mg)- 

Disertssio}:. .A compilation of the results 
is presented in Table l\'. Desoxycorticoster- 
one is by far the most active substance tested 
having given positive results at one microgram. 
The acetate produced significant retention at 
25 Mg. Xo lower concentrations have been 



396 


Adrenal Cortical Steroids on Sodium Metabolism 


. TABLE 1. 

Influence of ll-Dehydroeorticosterone Acetate on Excretion of Na in tiie AdrenalectomiEct! 
Male Eat. 


Control 


Experimental 



Mean B.^W. 
g ± S.E. 
(No.) 

Mean 

Na excretion 
% ±S.B. 

Amt,/,g 

/ — — 

Mean B.W. 
g ± S.E. 
(No.) 

Me.an 

Na excretion 
% ± S.E. 

Cliangc, 

7c 

t 

115 ±5 
(9) 

4.57 1.0 

25 

113-»-3 

(9) 

5.04 ± 0.75 

+10 


115 ±5 

(9) 

4.57 ± 1.0 

75 

119 -+-3 
(9) 

3.39 zt 0.45 

—26 

1.03 

115 rt 5 

(9) 

4.,?7 ± 1.0 

100 

122 -r- 3 

(9) 

3.79 H; 0.54 

—17 


124 -t- 3 
(8) 

4.30 ± 0.55 

100 

137 db 4 
(9) 

4.88 i: 0.42 

+ 14 

0.81 


TABLE II. 

Influence of 17-Hydrox3-eorticostcronc on Excretion of N.a in Adren.alcetomized Male Eats. 
Control Experimental 


Mean B.W. 
g ± S.E. 
(No.) 

Mean 

Na excretion 
% ± S.E. 

Amt, ftg 

Mean B.W. 
g ± S.E. 
(No.) 

Mean 

Na excretion 

7c ± S.E. 

Cliangc, 

% 

t 

135 ±3 
(9) 

4.59 ± 0.48 

25 

142 -(-5 
(9) 

4.88 ± 0.93 

+ 6 


128 ± 4 
(8) 

1.48 ± 0.27 

50 

124 -t- 3 
(8) 

2.44 ± 0.26 

+65 

2.571 

127 ±5 
(9) 

1.51 ± 0.25 

SO 

120 ± 4 
(9) 

2.67 ± 0.52 

+77 

2.02( 

127 ±5 
(9) 

1.51 ± 0.25 

200 

121 ± 6 
(9) 

2.18 ± 0.25 

+44 

1.88 

139 ± 6 
(8) 

6.69 ± 0.55 

200 

143 ■+ 5 
(8) 

7.06 ± 1.06 

+ 0 



The results were expressed as the amount 
of radiosodium excreted compared to the total 
amount of radiosodium administered in per 
cent. The effect was measured by comparing 
the mean percentage excretion of the experi- 
mental animals to the mean percentage excre- 
tion of the control animals which were run 
simultaneously. 

Following is a list of compounds studied 
and their source. 

Ciba Pharmaceutical Products, Inc.; Des- 
oxycorticosterone, Desoxycorticosterone ace- 
tate, Testosterone, Estradiol. 

Dr. R. D. H. Heard, McGill University; 
A'*-pi’^nenol-21'trione-3, 12, 20-21-acetate 

The Upjohn Company; Allopregnane-3(^), 
17(a) 21-one-20, 17 -Hydroxj'corticosterone, 
Corticosterone 

Dr. E. C. Kendall, hlayo Clmm; 11-De- 
hydrocorticosterone acetate, Corticosterone, 

1 7-Hydroxycorticosterone 


Dr. T. F. Gallagher, Memorial Hospital; 
Pregnanetrione-3 ,1 1 ,20 
Dr. T. Reichstein, University of Basle; 
Allopregnanepentrol-3{^), ll(i3), 17(a), 20, 
21, 3(/?), 20, 2 1 -triacetate 
Dr. D. Prins, Cleveland Ciinic; Pregnane- 
trione-3,12,20 

Results. In a previous publication (Dorf- 
man. Fell, and Potts*) it was shown that 
desoxj'corticosterone produces a significant 
sodium retention in adrenalectomized male 
rats in amounts as low as one microgram. The 
deso.xycorticosterone acetate produced reten- 
tion at a concentration of 25 pg but lower 
concentrations of the ester have not been 
studied. 

Table I lists 4 e.xperiments on the influence 
of ll-debydrocorticosterone acetate on soditmi 
metabolism in the adrenalectomized male rats. 
No significant changes in sodium e-veretion 
were found at concentrations of 25 to 100 /<g 
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virus content was confirmed by monkey in- 
oculation prior to adaptation experiments. 

Lansing strain. In viers’ of the claim^-- 
that the use of the autolyzed brain tissue tech- 
nic results in a shortening of the incubation 
period in mice inoculated mth the Lansing 
strain \urus, this strain was also included in 
some of the experiments. 

Mice and Cotton Rats. White mice bred 
at the IMichigan Department of Health 
(Rockland Swiss mice) were used in 9 ex- 
periments, and the CFW (Canvorth Farms 
Webster) strain of mice in 10 experiments. 
Eastern cotton rats bred at the hlichigan 
Department of Health were used. 

Preparation of the Autolyzed Normal 
Mouse Brain Tissue Suspensions. The technic 
described by IMilzer and B 3 Td was used. The 
autol}"sis was achieved bj' keeping the sacri- 
ficed mice at room temperature for 16-17 
hours prior to the removal of the brains. In 
most cases, the temperatures were between 
22°C and 2S°C. However, in some experi- 
ments, temperatures lower or higher than 
those indicated were recorded. 

In view of the high rate of bacterial con- 
taminations, the mouse brains were emulsified 
in pairs and the sterility of each pool tested 
separately bj" aerobic and anaerobic culture 
(blood agar plates and thiogljxolate broth). 
The suspensions were kept in the refrigerator 
for not more than 24 hours, and the sterile 
suspensions pooled. They were filtered through 
several thicknesses of gauze before use. 

Dilnenis. In most of the e.xperiments, 
either nutrient broth of the Baltimore Bio- 
logical Laboratory (BBL, pH 6.83 - 7.25), 
or Tyrode's solution (pH 7.3 - 7.9), or both, 
were used as diluents. In 2 e.xperiments, 
Bacto nutrient broth (pH 6.8 - 6.85), and 
in 2 other e.xperiments thiogl 3 xolate sterilit 3 ’- 
broth (pH 7.2 - 7.35), were used. 

Organization of the experiments. Groups 
of 10 to 20 mice xvere inoculated with: (1) 
stool suspension plus .-IBT in nutrient broth, 
(2) stool suspension plus .ABT in T 3 -rode’s 

A„ KyraTtrL., .iml Levinson* S, I)., 
AUMracts nf Papers Presented at the 47tli Gen- 
era! Mei'ling of tile Soc. Am. Itactorioloeist*:, 
1047, 74. 


solution, (3) stool suspension plus nutrient 
broth (no ABT), (4) stool suspension plus 
T 3 rrode’s solution (no ABT), (5) ABT plus 
nutrient broth (no stool), (6) ABT plus 
Tyrode’s solution (no stool) . The same setup 
was used for infected monke 3 r cords and the 
Lansing strain (mouse cords), and for other 
diluents. Two or, more frequently, 3 speci- 
mens were used in each e.xperiment. The 
controls mentioned under (3) and (4) were 
included for each specimen, while those under 
(5) and (6) serx'ed as general controls. The 
same specimens were used for the e.xperi- 
ments repeatedl 3 ' up to 10 times. In the first 
5 experiments, 2 groups of mice were used for 
each preparation, one inoculated i.c., the other 
i.c. and i.p. In all the other experiments, only 
the i.c. route was used. 

The e.xperiments xrith cotton rats were set 
up in the same wa 3 x However, smaller groups 
of animals (3 to 5) were used. The obserx'a- 
tion period for both mice and cotton rats was 
40 da3's. 

Single and repeated injections, blind pas- 
sages. There were experiments with a single 
inoculation, and others with 2, 3, or 4 inocu- 
lations (suggestion of Dr. Milzer). In 2 
experiments, there was 1 inoculation of virus- 
-ABT mixture, followed by a series of 5 blind 
passages (no ABT was used for the blind 
passages) . 

Experimental. Experiments with mice. The 
Lansing strain was tested 10 times in Rock- 
land strain mice and once in CFW mice. Nu- 
trient broth (Bacto and BBL) and T 3 'rode’s 
solution xvere used as diluents. In no case 
xx'as an 3 ' shortening of the incubation period 
obserx-ed. 

In 12 experiments in which the stools with 
prex’iousl 3 '- demonstrated xdrus content as 
well as the 3 monke 3 ' adapted strains were 
tested repeatedl 3 A none of the mice dex’eloped 
anx' symptoms. In 2 of these e.xperiments, 
the 3 monkey adapted strains xx-ere concen- 
trated 7 times b 3 ’ ultracentrifugation. The 
final dilution of the concentrated virus (after 
addition of .ABT) xxns 35%. BBL nutrient 
broth. T 3 Tode's solution and thioghxolate 
broth xx'ere used as diluents in these e.xperi- 
ments. 

In 4 e.xperiments some of the mice inocu- 
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tested. A‘‘-pregnenol-21-trione-3,12,20 acetate 
has beea found to cause significant sodium re- 
tention at 1340 fig and a negative effect at 
400 fig. Thus the introduction of the 12 keto 
group results in a compound possessing about 
2 to S% of desoxycorticosterone. 17-Hydroxy- 
corticosterone produced an increased sodium 
excretion at SO fig but the effect was either 
minimized or obliterated at 200 fig. Increased 
urinary excretion of sodium has been observed 
previously for 1 7-hydroxycorticosterone and 
17-hydroxy-ll-dehydrocorticosterone in nor- 
mal dogs and rats- and in partially depancrea- 
tlzed rats.® Ingle and coworkers'* have found 
that relatively large doses of ether 1 7-hydroxy- 
corticosterone or 1 7-hydroxy-] l-dehydrocorti- 
costerone caused an immediate increase in 


2 Thorn, G. W., Engel, L. L., and Le\ns, B. A., 
Science, IMl, OJt, 348. 

3 Ingle, D. J., and Thom, G. W., Am. J. Physiol., 
1941, 132, 670. 

4 Ingle, D. J., Sheppard, S., Evans, J. S., and 
Kuizenga, M. H., Endocrinology, 1945, 37, 341. 


sodium excretion during the first 24 hours but 
that the sodium excretion returned to the 
control levels in spite of continued treatment. 

Summary. Eleven steroid compounds have 
been studied as to their influence on sodium 
excretion in adrenalectomized rats. Desoxj^- 
corticosterone caused significant retention at 
one microgram, and the acetate was effective 
at 25 micrograms, the lowest concentration 
studied. A'‘-pregnenol-21-trione-3, 12,20-21- 
acetate gave a significant retention at 1340 
micrograms. 17-Hydroxycorticosterone caused 
a significant excretion of sodium. 

The following steroids were found to be 
negative: 11 -dehydrocorticosterone acetate 
(100 ^g), pregnanetrione-3, 11,20 (200 gg), 
corticosterone (400 fig), aI!opregnanepentol-3 
(^), ll(y9), 17(a), 20, 21-3(^), 20, 21-tri- 
acetate (800 fig), a)lopregnanetriol-3(/?), 17 
{a), 21-one-20 (800 gg), testosterone (2000 
fig), estradiol (2000 yg), and pregnanetrione- 
3,12,20 (2000 ^g). 

Eeceivcd Octoher 13, 1949. P.S.E.B.M., 1949, 73. 


Evaluation of Autolyzed Mouse Brain Tissue Method for Isolation and 
Adaptation of Poliomyelitis Virus. (17447) 

Serge G. Lensen, Max R. Stebbins and Lenore Jones (Introduced fay 

C. W. Meuhlberger) 

Pram the Division of Laboratories, Michigan Department of Health, Lansing, Mich. 


A method for isolation and adaptation of 
poliomyelitis virus by direct passage into mice 
was described by Milzer and Byrd.^ The 
method consists in mixing suspensions of in- 
fected feces or central nervous system (CNS) 
material with an equal amount of a 10% 
suspension of autolyzed normal mouse brain 
tissue (ABT) and injecting the mixture intra- 
cerebrally into white mice. It is obvious that 
a usable method for primary isolation of polio- 
myelitis virus without the use of expensive 
monkeys would present a great advantap. 
The authors undertook, therefore, to verify 
this method and ca rried out a total of 19 ex- 

105, 70. 


periments mth mice and 4 with cotton rats. 

Materials and Methods. Feces. Five 
specimens were taken from poliomyelitis pa- 
tients, but not tested for virus content. The 
presence of poliomyelitis virus in 7 other stool 
specimens was demonstrated by monkey in- 
oculation prior to adaptation experiments. 
(The stool specimens were obtained through 
courtesy of Dr. Franklin H. Top, Herman 
Kiefer Hospital, Detroit, and Dr. Joseph L. 
Melnick, Yale University). 

Monkey adapted strains. Spinal cords of 
monkeys infected with poliomyelitis virus 
strains Buffalo, Mahoney and Tennessee were 
obtained through courtesy of Dr. Thomas 
Francis, Jr., University of Michigan, The 
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close of virus, makes this highly improbable. 

Summary and conclusions. The eftective- 
ness of the autolyzed normal mouse brain 
method for isolation and adaptation of polio- 
myelitis virus was investigated in 19 e.vperi- 
ments with mice and 4 e.\periments with 
cotton rats. Three monke\' adapted strains 
(Tennessee, Mahoney and Buffalo) and 12 
stool specimens from poliomyelitis patients 
were used. The Lansing strain was also in- 
cluded in the e.xperiments. 

In the e.xperiments with mice, 2 strains of 


neurotropic viruses were isolated. However, 
the evidence presented suggests that the 
strains isolated were of mouse origin. The 
cotton rat e.\periments were entirely negative. 
A shortening of the incubation period in mice 
inoculated with the Lansing strain was not 
obseiwed. 

The data presented do not confirm the 
effectiveness of this method for the isolation or 
adaptation of poliomyelitis virus. 

Received October 4, 1P49. 1949, 72. 


Actions of 2,6-Diaminopunne in Mice, Rats, and Dogs.*" (17448) 

Frederick S. Philips and J. B. Thiersch! (Introduced by C, P. Rhoads) 
From the Dh'hion oj Experimeota! Chemotherapy, Sloan- Kettering Institute, Xeu.' York City. 


Recent studies have shown 4'aminopteroyl- 
glutamic acid (4-amino-PG.'\) to cause 
changes in hematopoietic tissues and intestinal 
mucosa which closely resemble lesions found 
in folic acid-deficient manmals.^'- These 
findings and the fact that 4-amino-PGA and 
its congeners act as competitive antagonists 
of folic acid (PG.A) in certain microorgan- 
isms"'*’’ have led to the conception that the 
agents damage tissues in mammals by inter- 
ference with metabolic functions of PG.A,.*---®'® 
Studies of derivatives of naturally occurring 

* Tlie nutliors wish to .'icknowlcdgc support of 
ttiis stuily by tlic Niitioiiul Institute of ne.aUii, 
U. S. Public lle.nltli Service. 

f Post-doctorute Pellmv of the X.'ition.'il C;mccr 
Institute; Nc.'ile Heseureh Puthologist, University 
of Adelaide, S. Aiistr.-iliu. 

1 Philips, F. S., Thiersch, .7. B., J. Fharm. Exp. 
Thcrap., IPin, D.J, 

- Thiersch, J. B.. .und Philiiw, F, S., Pnoc. Soc. 
I'Lxp. Biot.. AKP Jinx. 1040, 71, 4S4. 

•<SeeRer, D. R., Smith, ,T. M., .Tr.. .'ind Iliiltquist, 
JI. K., J. Am, Chrm, >Soe., 1047, 01), 2ri07. 

< Seofier, U. R., t'l.sulich, D. B., .Smith, J. M., .Tr., 
ntid llultquist, Jt. E., ,1. Am. Chem. .Soc., 1949, 
71, 17.', 3. 

-Olesmi, ,7. .7., lliitchiiips, B. L.. .-md SubbaRow, 
V., .7. Hit,!. riK-in., 104S, IT.", 350. 

« Franklin, A. L., Belt, Jt., Stnkstad, E. h. R., 
and .7ukes, T. H., .r. Hint. Chrm., 1049, 177, C21. 


purines and pyrimidines have uncovered an- 
other antagonist of PG.A in microorganisms,’^ 
namely. 2,6-diaminopurine, which also appears 
active in higher organisms. Thus 2,6-di- 
amtnopurine delays development of an ex- 
perimental leukemia in mice® and inhibits 
estrogen-induced growth in chick oviduct.® 
The purine is related structurally to 4-anuno- 
PG.A insofar as both compounds are condensed 
ring-systems containing 2,4-diamino-pyrimi- 
dine. These obsen'ations suggested that the 
purine might act as an antagonist of PGA in 
mammals. The following studies were under- 
taken to determine in detail, sites of action of 
2,6-diaminopurine in mice, rats and dogs and 
to compare the lesions obtained with those seen 
after administration of 4-amino-PG.A. 

Procedure. Mice, rats, and dogs of the 
same strains and corresponding in se.x, weight, 
age and maintenance to animals used in pre- 
vious studies with 4-amino-PG.A^-® were sub- 

7 liitcbings, G. II., Elion, G. B., VuiidcrlicrT, 
n., .nnfl F.-iico, E. A., Biol, f’lirm., mis, 174, 
7G5. 

s Burcbenal, J. H., .Tobnston. S. F., Burcbcnul, 
J. R., Ku.sbida, JI. N., Robinson, E., .and Stock, 
C. C., Pr.oc. Soc. E.xp. Biol, and JIed., 1949, 71, 
3S1. 

ailert)!, R., .md Tullncr. JV. JI., .Seienee, 1949, 
J09, 539. 
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lated with mixtures of ABT and either stool 
suspensions or suspensions of the strains 
hlahoney and Tennessee, developed partial 
paral.vsis. Other symptoms such as raffled 
fur, humped back, and tremors were present 
in some cases and absent in others. In- all 
these cases, the character of paralysis was 
quite different from that observed in mice 
inoculated with the Lansing strain. Bac- 
teriological examinations of the CNS revealed 
bacterial infection in all these cases. Histo- 
pathological examinations revealed fibrino- 
purulent exudate covering brain and medulla, 
or diffuse infiltration of the meninges, or mul- 
tiple cortical abscesses, but no lesions charac- 
teristic for poliomyelitis.* 

In one of the experiments, a control mouse 
inoculated with a suspension of ABT in nu- 
trient broth (no poliom}relitis virus contain- 
ing material) developed paralysis similar to 
that observed with the Lansing strain or ivith 
some strains of mouse encephalomyelitis virus. 
There was no bacterial contamination. Patho- 
logical examinations did not show any polio- 
myelitic lesions. The CNS tissue of this 
mouse was passed into other mice which, how- 
ever, did not develop any symptoms. 

In. 2 other experiments, 2 different virus 
strains producing paralysis in mice were 
isolated. One of the strains (referred to as 
ABC) was isolated from the CNS of one of 
the control mice inoculated i.c, with a suspen- 
sion of ABT in nutrient broth. The mouse 
developed paralysis on the 14th day after 
inoculation. On further mouse passages the 
shortest incubation period was 2 to 3 days. 
Several of the mice inoculated i.p. developed 
paralysis. The shortest incubation period by 
the i.p. route was 6 days. Since no material 
was used which could possibly contain human 
poliomyelitis virus, no monkey was inoculated 
with this virus. 


Another neurotropic virus (referred to as 
N-C strain) was isolated under the following 
circumstances. A stool suspension (received 
through courtesy of Dr. Melnick) was mixed 


»The Mstopatliological examinations were car- 
ried out 1.5- H. E. Cope, M.D., CHnie.al Pathologist 
Division of Laboratories, Niehignn Department of 


Health. 


with a suspension of ABT in Tyrode’s solution 
and inoculated i.c. into mice. None of the 
mice developed symptoms. A few mice were 
sacrificed at random and serial blind passages 
were carried out with thioglycollate broth as 
diluent and without addition of ABT. At the 
4th blind passage one mouse developed paraly- 
sis after an incubation period of 19 days. On 
repeated passages the incubation period be- 
came shorter ( 10 days or more). There was no 
difference whether or not ABT was added to 
the inoculum. None of the mice inoculated 
with this strain by the i.p. route developed 
symptoms. Since poliomyelitis virus contain- 
ing stool material was used for the very first 
inoculation of mice, a Rhesus monkey was 
inoculated with the N-C strain. A 10% sus- 
pension of virus was used, and the monkey 
received 1 .5 ml i.c., a total of 4 ml intranasal- 
ly and a total of 16 ml i.p. The monkey did 
not develop paralysis, tremors, or any other 
symptoms. There was no rise of temperature 
at any time. 

Experiments with cotton rats. All 4 e.x- 
periments with cotton rats were entirely nega- 
tive. Three monkey adapted strains and 
several of the stools with previously demon- 
strated virus content w’ere used for these 
experiments. 

Discussion. From the data presented in 
this report, based on experiments carried out 
with a total of over 5,000 mice and 340 cotton 
rats, it is clear that the authors were not able 
to confirm the effectiveness of the autob^zed 
normal mouse brain tissue method either in 
-the primary isolation of poliomyelitis virus by 
direct passage into rodents, or in the adapta- 
tion of monke}'’ adapted strains to mice or 
cotton rats, or in the shortening of the incu- 
bation period in mice inoculated with the 
Lansing strain. 

In a series of 19 experiments with mice and 
4 with cotton rats, 2 neurotropic viruses were 
isolated. It seems clear, how'cver, that the 
ABC strain is of mouse origin, since no polio- 
myelitis virus containing material was injected 
in this case. The circumstances of isolation 
of the N-C strain were different and do not 
exclude the possibility of it being a strain of 
poliomyelitis virus. The subsequent test in 
a monkey, however, inoculated wdth a large 
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TABLE I. 


Toxicity of 3,G-Diaminopurine Eolloiving Iiitraperitoiioal Administration. 


Species 

No. of inj. 

Dose, 

mgAg/day 

Mortality 


Day of death 

Approx. 

LDoOf 

mgAg/day 

1 

0 

3 

4 5-14 

J,touse 

1 

395 

12/12 

10 

0 



170 



198 

11/12 


9 

0 





99 

0/12 






Jlouse 

5* 

138 

12/12 


5 

3 

4 

90 



79 

2/12 



0 





40 

0/12 






Eat 

1 

31G 

12/12 

12 




100 



158 

11/12 

7 

2 

0 





79 

3/12 

1 


1 

1 




40 

0/12 






Bat 

5* 

158 

12/12 

0 

0 



45 



79 

12/12 


7 

4 

1 




40 

2/12 




2 



* Administered on 5 successive days, 
t Estimated on log-probability paper. 


jeots of the present investigation. Procedures 
followed herein were also similar to those de- 
scribed previously. The purinet was used 
as the lactate or hydrochloride which is more 
soluble than the free base and was injected 
at physiologically tolerable temperatures after 
heating to dissolve the salts. 

Course of intoxication in mice and rats. 
Animals receiving large intraperitoneal doses 
of 2,6-diaminopurine (S 500 mgAg) evi- 
denced ataxia, weakness and dyspnea within 
5 to 15 minutes. The initial signs of intoxica- 
tion increased progressively in severity and 
animals succumbed with respiratory failure 
within 1 to 6 hours. Single lethal doses, ^ less 
than 500 mgAg caused death usually nothin 
24 to 48 hours (Table I). Such animals lost 
approximately 20^0 of initial weight and ex- 
hibited severe diarrhea prior to death. Rats 
and mice which survived single, large doses 
lost less than 10% of initial weight during the 
first 24 to 48 hours and were fully recovered 
before the end of the first week. Repeated 


t The authors are grateful to Dr. George H. 
-itchiugs and his associates of the Wellcome Be- 
:urch Laboratories for ample supplies of 2,6- 
hmiuopurine, and also to Dr. George B. Brovm 
Z coworkers of the Division of Protern Chem- 
Tvy Sloau-Kettering lustitute, for prov.sion of 
of the agent used in the early part of these 


studies. 


doses of diaminopurine had similar, though de- 
layed, effects (Table I). On the basis of 
toxicological data the response of mice and 
rats to diaminopurine may be differentiated 
from that following 4-amino-PGA. Regardless 
of the dose employed, animals receiving 4- 
amino-PGA did not respond with early mani- 
festations of intoxication and survived for at 
least 3 days after poisoning. Furthermore, re- 
peated administration of the PGA-analog 
proved cumulative in effect and more toxic 
than injection of single doses.^ Table I sug- 
gests that repeated doses of diaminopurine 
equivalent to large fractions of the acute LD 50 
were tolerated without fatality. 

Lesions in rats. Animals receiving 100 
mg/kg/day, and sacrificed after 24 and 48 
hours showed at autopsy distended gastroin- 
testinal canals filled with yellow fluid. Femoral 
bone marrow contained purple fluid instead of 
a gelatinous, greyish red substance. Findings in 
peripheral biood and smears of femoral mar- 
rows obtained at time of sacrifice are found 
in Table II. The findings in peripheral blood 
indicated no significant change in leucocytes 
or reticulocytes. Hemoglobin concentrations 
were elevated indicating hemoconcentration. 
Sections of sternal and femoral marrow showed 
progressiv'C depletion of total nucleated ele- 
ments estimated to be about 50% after 24 
hours and 80% after 48 hours. Studies of 
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sections and differential counts of nucleated 
elements in smears of femoral contents (Table 
II) revealed increased proportions of lympho- 
cytes. These were located in the blood-filled, 
dilated sinuses of the marrow. No foci of 
necrosis or degeneration were found. 

Histological e.xamination of gastrointestinal 
tissues from the above animals revealed a 
general hyperemia. Actual lesions were con- 
fined to ileum and colon. Tips of villi were 
distended by enlarged vessels and plasma 
transudate under epithelial linings. Dilated 
capillaries in sub-mucosa, adjacent to muscu- 


rows of both groups. Gastrointestinal lesions 
were not found microscopically in group I and 
were confined to minimal epithelial changes in 
crjqats of colon and ileum in 3 of S rats in 
Group II. 

Histological examination of other organs 
of animals in the 3 groups described above, 
revealed no significant lesions but for a 
moderate reduction of lymphoid tissue in thy- 
mus, spleen, mesenteric nodes, and intestinal 
wall. Reduction of myeloid tissues in spleen 
was also noted in animals with depleted mar- 
rows. 


lar coats and surrounding crypts, contained in- 
creased numbers of leukocytes. Migration of 
leukocytes into the lumen of the crypts was 
•evident, forming plugs with desquamated epi- 
thelial cells. In crypt-epithelium mitosis was 
almost absent and enlargement of nucleus and 
cytoplasm as well as desquamation with pykno- 
sis was observed. 

Animals receiving repeated injections for 
17 to 30 days are listed in Table II (group I 
and II). Group I received either 20 mg/ 
kg/day during the first three weeks followed 
by injections of 40 mg/kg/day for the re- 
mainder of the period, or 40 mg/kg/day 
throughout. Group II was treated in similar 
fashion but, in addition, was given prior to 
sacrifice 2 or 3 final daily doses of 79 mg/kg. 
Significant weight loss was observed only in 
rats of group II after receiving 79 mg/kg/day. 

In spite of prolonged treatment animals of 
Group I and II were less affected than “acute” 
rats. However, the effect of diaminopurine 
on erythropoiesis was readily discernible in 
animals receiving the extended treatment. 
Dqiletion of nucleated red cells in marrow 
and reticulocytopenia were significant (I and 
II Table II). Anemia also occurred in 2 of 
each group. No significant alteration oc- 
curred in erythrocyte-volume or content of 
hemoglobin. * Only 6 of 8 animals in group 

I revealed depletion of nucleated cells in bone 
marrow, approximating 50%, while reduction 
in group II was no greater than that found in 
“acute” rats. Increased proportions of lym- 
phocytes appeared only in marrows of group 

II (Table II) A predominance of basophilia 
in nucleated red cells and hypersegmentation 
of polymorphonuclears were ewdent m mar- 


Cottnc of intoxication in dogs. The ad- 
ministration of 40 or 50 mg/kg in dogs 1 to 
4 (Table III) produced an immediate, tran- 
sient hyperpnea. Vomiting occurred at 3 hours 
and continued profusely until death. Food 
was refused after the first day. Hemorrhagic 
diarrhea appeared within 24 hours and in- 
creased in severity progressively. During the 
course of intoxication animals lost weight 
(Table III) and developed severe upsets in 
fluid and electrolyte excretion. Thus, dogs 
3 and 4 e.xcreted less than 500 cc/day of 
urine prior to treatment while during 54 hours 
of intoxication the former produced 8 1 of fluid 
(urine, vomitus, and loose stool) containing 
184 m eq Cl' and the latter, 5 1 containing 
247 m eq Cl'. Intake of water ad libitum was 
increased in proportion. Dogs 1 and 2 suc- 
cumbed after 40 hours; dog 4, after 54 hours; 
and dog 3 was sacrificed when moribund at 
54 hours. 

The remaining dogs (5 to 8, Table III) re- 
ceiving lower daily doses of diaminopurine 
evidenced fewer signs of intoxication. Dogs 
6, 7, and 8 lost weight. Occasional vomiting 
and diarrhea without blood occurred only in 
the last few days prior to their sacrifice (4, 
29 and 31 days respectively). Dog 5 re- 
covered after a moderate weight-loss (Table 
III and Fig. 1). 

The course of lethal intoxication in dogs 
receiving large doses of diaminopurine can be 
of shorter duration than in animals given 
supralethal doses of 4-amino-PG.A.. Protracted 
emesis is not a feature of intoxication Mth 
the latter agent. Moreover, diarrhea does 
not appear in dogs poisoned mth 4-amino- 
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Fig. 2. 


Clianges in cell-count and differential count of nucleated cells from sternum of dog 
5, folloiriiig repeated doses of diaminopurinc. Xi., Ij-mpliocytes-, il., polymorplionu- 
clcars; IXI., myeloblasts, myelocytes and metamyelocytes; E., red cells. 


tract of dogs 1 to 4 ret'caled changes similar 
to those described above in rats receiving 100 
mg/kg/day of diaminopurine. In addition, 
superficial ulcers of mucosa and extensive mat- 
ting of villi occurred in ileum and colon. The 
remaining animals shotved only edema and 
hyperemia of the intestinal mucosa. Changes 
in other tissues resembled those seen in rats. 

Discussion. Since other purines such as 
caffeine'® or adenine" are known to cause a 
variety of acute pharmacological actions, it 
was not une.xpected that large doses of 2,6- 
diaminopurine should result in death within 
a few hours after administration. Indeed, the 
gross behavior of rats and mice is similar 
following equivalent doses of either 2,6-di- 

10 Sollinan, T., A Manual of Pharmacologj’, 
tV'. B. S.aundcra, Philadclplii.a, I94S, 

11 Drury, A. N., Physiol. Pcv., J93G, 10, 292. 


aminopurine or adenine (6-aminopurine) 
greater than 500 mg/kg.'- On the other hand 
4-amino-PGA is inert from the standpoint of 
acute pharmacological effects.'-- At present 
it does not appear pertinent to compare di- 
aminopurine and 4-amino-PG.\ on the basis 
of such actions which bear no knonm relation- 
ship to metabolite-antagonism. More appro- 
priate is a comparison of lesions in intestines 
and bone marrow caused by both agents. Their 
effects on mucosa of ileum and colon of rats 
and dogs cannot be differentiated by histologi- 
cal studies. The depletion of hematopoietic 
tissues following effective doses of either agent 
can be of similar severity. However, certain 
features of the disturbance in hematopwiesis 
caused by 4-amino-PG.‘\ in dogs are unique 

ispiiiUps, F. S., Thicrscb, .T. B., and Bcndich, 
A., unpublislicd observations. 
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Fig. 1. 

Ciianges in weight and peripheral blood of dog 5, following repeated doses of diaminopurine. 
MNC, lymphocytes and monocytes/mmS; PMN, granulocytes/mmS. 


PGA until after 48 hours and death does not 
occur before 72 hours.- 

Lesions in dogs. At autopsy all dogs ap- 
peared dehydrated. Bone marrow in sternum, 
ribs, and vertebrae appeared dry and sparse; 
femoral marrow, brownish and fatty. The 
intestinal tract of dogs 1 to 4 was edematous 
from duodenum to anus. Petechial hemor- 
rhages were visible in ileum and colon and 
e.vtensive around the anus. The contents of 
the gut were fluid and blood-stained. Dogs 
6, 7 and 8 showed only edema of the intestinal 
mucosa. 

Findings in peripheral blood are noted in 
Table III. Hemoconcentration developed in 
dogs I to 4 and 6 and might have been masked 
in dogs 7 and 8 by coexisting anemia. No 
changes in erythrocyte-volume or hemoglobin- 
content were noted. Reticulocytes and lympho- 
cytes decreased in numbers in most animals. 
Granulocytopenia developed in dogs S to 8, 
which had been observed for more than 48 
hours. Details of . changes in peripheral blood 

of dog 5 are doted in Fig. 1. _ 

Bone marrow was studied with aspirations 


from sternum and both iliac crests as well as 
with tissue-blocks taken at autopsy from ribs 
and femur. Only values from sternal marrow 
are reported in Table III since they corres- 
ponded closely to samples from other sites. 
A reduction of total nucleated cells was noted 
in all animals rv'hen measured. This obsen'a- 
tion was confirmed by study of smears and 
sections which contained only scattered islands 
of hematopoietic tissues. The outstanding fea- 
ture of the depletion was the marked reduction 
of erythropoietic tissues. Surviving cells of 
■the erythroid series included the naturally 
occurring erythrocytes with nuclear remnants, 
normoblasts, and erythroblasts. Although 
myeloid cells shared in the general depletion-, 
all dogs with one e,vception evidenced in- 
creased percentages of polymorphonuclear 
granulocytes with relative decreases of im- 
mature myeloid forms. The marrow of the 
exceptional dog, 7, contained at 28 days, a 
high percentage of myelocytes in association 
with an intercurrent infection. Details of 
marrow findings in dog 5 are shown in Fig. 2. 

Histological study of the gastrointestinal 
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Pig. 1. 

The individual points represent the mean per cent change in Tnio of 10 
subjects and in Tmpin of C subjects for 5 consecutive 20 minute urine collec- 
tion periods following the intravenous administration of 78 mg of organically 
bound mercury. The control value is based on the mean of three 12 minute 
urine collection periods for each subject. 


minute urine collection periods were obtained. 
The total time following injection of the mercu- 
ry to the end of the last urine collection period 
was 100 minutes, Inulin, used in measuring 
the glomerular filtration rate, was determined 
using Harrison's modification of the method 
of Alving.'^ P.4H determinations, using dilu- 
ted urine and cadmium sulfate filtrates of 
plasma, were made by the method of Bratton 
and Marshall.' Glucose determinations were 
made according to the method of Nelson,® 

Rnsulis. R'hen the values for the group 
were averaged for each period, the ma.ximum 
depression of Tmp,\u was 44.5% of the control 
value and occurred during the urine collection 
period from 60-80 minutes folloiving the ad- 
ministration of mercuzanthin (Fig. I). The 
mean Thipah values decreased from 73.3 mg/ 
min to 44.9 mg .'min following the administra- 
tion of mercury (Table I). This difference 
i-s significant (X = 6, t = 11.05, P < .01). 
In the case of the Tmo obser%'ations, no sig- 
nificant difference was noted between the 

® Il.nrrisnn, XI. E., I’p.oc. Soc. Exe. Biol. .\so 
Mro,, tote, 49, 111. 

"Bratton. A. C.. nnd Marah,-!)), E. K., Jr., J. 
Bio!. Chrm.. 1939, 108, 537. 

S XcBnn, II., J. Bin}. Chem., 1044, 15.% 375. 


mean values of the pre- and post-mercurial 
observations (N = 10, t = .275, P > .70, 
Table I). The first postmercurial urine col- 
lection period (0-20 minutes) was not used 
in calculation of the mean for either Tma or 
TmpAH because of the possible effect of the 
theophjdline base on the renal tubular func- 
tion. The apparent decrease in Tmo for the 
first post-mercurial urine collection period 
(0-20 minutes) is not significant. 

Comment. The renal tubular reabsorption 
of glucose is generally believed to be effected 
through a phosphoriiation mechanism.® As- 
suming that this is the mechanism operative 
in glucose reabsorption by the renal tubules, 
mercurj- must have been ineffective, at least 
in the amounts used in this study, in block- 
ing the activity of this system. This belief 
finds an interesting parallel in the studies of 
Hepler and Simonds.^® Tsing mercuiy chlor- 
ide, these investigators demonstrated that 
glycosuria could not be induced in dogs unless 
the animals showed a 4 albuminuria and 
marked renal tubular necrosis. The observa- 

SliaJiJion. .T. A., -cItih. itVr. Phnsif)},. 4, 

302. 

O. E., and f^imond«. J. P., Arch. 
PtUh„ 194G, 4C, 30S. 
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such as the appearance of abnormal mitosis 
and “nuclear explosions” in normoblasts, alter- 
ation of the nuclear pattern' of mature and 
primitive erythroid cells and formation- of 
cells resembling megaloblasts, and production 
of bizarre, giant metamyelocytes.- Similar 
pathological cells have not been observed in 
dogs receiving diaminopurine. Therefore, it 
caimot be inferred that the agent acts as an 
antagonist of PGA in the metabolism of hema- 
topoietic tissues. 

Summary. The administration of large 
doses of 2,6-diaminopurine in mice and rats 


can result in death within a few hours. In 
dogs, large doses caused protracted vomiting, 
hemorrhagic diarrhea, dehydration and death 
within 48 hours. Doses permitting survival 
of rats and dogs for 24 hours or longer pro- 
duced depletion of bone marrow and damage 
to epithelium of colon and ileum. The course 
of intoxication and changes in bone marrow 
permit a differentiation between the actions 
of 2,6-diaminopurine and a folic add-antagon- 
ist like 4-aminopteroylgIutamic acid. 


Keceivea October 5, 1949. P.S.E.B.M., 1949, 72. 


Effect of Mercury on Renal Tubular Transfer of p-Aminohippurate and 

Glucose in Man. (17449) 

Roger K. McDonald and John H. Miller 
Fram the National Heart Institute, National Institutes of Health, Bclhesda, and the Gerontology 
Section, Baltimore City Hospitals, Baltimore, Md. 


The depressant effect of intravenously ad- 
ministered salyrgan (mersalyl) on the maxi- 
mum renal tubular secretion of p-aminohip- 
purate (TmpAn) in man has been demon- 
strated.^'- The inability of the mercurials, 
salyrgan and meralluride (mercuhydrin), to 
depress the TmpAH in the dog has also been 
shown.--^ That the maximum tubular reab- 
sorption of glucose (Tme) in the dog is un- 
affected by mercury chloride or meralluride 
in dosages of 4 mg of bound mercury per 
kilogram of body weight has been established 
recently.® With regard to the Tmc in man, 
Weston ef dd have reported that the intra- 
venous administration of 2 cc of mercuzanthin 
or thiomerin, “immediately after several ten 
minute control periods generally resulted in a 
40-80^0 decrease.” 

Thus the current concept is that intraven- 


~Tsrun, 0., Hilflen, T., and Baasdiow, F.i 
Bharm. Toxicol, 1947, S, 1. 

2 Berliner, H. W., Kennedy, T. J., and Hilton, 
j G Am. J. Bhysiol., 1948, 154, 537. 

'a Handley. C. A., Telford, J., and LaPorge, M., 
Proc Soc. Exp. Biol, arc Med., 1949, 71, 187. 

4 Wesfon, B. E., Grossman, J., Bddman, I. S., 
Eseher, B. J. ^«ter, L., and Heilman, H, 
Fed. Froc., 1949, 8, 164. 


ously administered mercurials depress the 
renal tubular transfer systems for PAH and 
glucose in man but leave unaffected these sys- 
tems in the dog. It is the purpose of this 
study to re-examine the effect of a mercurial, 
mercuzanthin, on the TmPAH and Tmc in man. 

Method. Ten fasting male subjects were 
used in the Tmc observations. Five of the 
10 subjects used for the Tmo observations 
plus an additional subject were used in the 
TmpAH determinations. All of the subjects 
were free of demonstrable renal dysfunction 
The study pattern was the same for all of 
the subjects. Using -the saturation methods 
outlined by Goldring and Chaisis® 3 control 
urine collection periods, each of 12 minutes 
duration, were obtained. Two cc of mercu- 
zanthin* were injected intravenously at the 
end of the third control period. Immediately 
following the third period, S consecutive 20 

5 Goldring, W.. and Chasis, H., Hypertension 
and Hypertensive Disease, The Comnionwc.nlth 
Fund, Nmv York, 1944. 

* One cc of mercuzantliin represents 135 mg of 
the sodium salt of bmethoxy-hydroxj'-mcrcuri- 
l>ropylaraide of eyclopentane dicarboxylie acid 
equivalent to 39 ing of mercury' and 35 mg of 
anhydrous tlieopliyBinc. 
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Destruction of Red Blood Cells. VII. Apparent Autosensitization to Dog 

Red Blood Cells.* (17450) 

Philip F. Wagley^ and William B. Castle 

From the Thorndike Memorial Laboratory and the Second and Fourth Medical Services {Harvard), 
Boston City Hospital and the Department of Medicine, Harvard Medical School. 


In an occasional case of atypical hemolytic 
anemia a serum agglutinin active against the 
patient’s omi red blood cells has been found.^ 
This may be merely the result of the presence 
of a serum substance ivith entirely fortuitous 
properties resembling in activity the seeming- 
ly nonspecific agglutination of red blood cells 
by antiserum developed in rabbits against 
Tj-pe 14 pneumococcus- or bi"^ certain viruses." 
There are, however, two possible strictlj’’ im- 
munological e.xplanations for the presence of 
such an autoagglutinin; 1. The antibody 
(autoagglutinin) could be formed in response 
to some antigen in the red blood cell, or 
2. the antibody could be formed for some other 
antigen but might only incidentally possess the 
capacity to react with a receptor in the blood 
cell. 

That an animal can produce antibody for 
components of tissues of the same species has 
been amply demonstrated.^ Hektoen and 
Schulhof,-’’ after injecting rabbits intravenous- 
ly nith solutions of rabbit thvToglobulin, dem- 
onstrated serum precipitins for rabbit thyro- 
globulin in a titer as high as 1; 10,000. Such 
sera did not react ■with the thyroglobulin of 
beef, dog, human, monkey, rat, sheep or swine. 
Several workers®'” have shois-n that formalized 
rabbit serum is antigenic for rabbits. Further- 

* Tlii.s investigation was aided in jiart by a grant 
from tiie .Tolin and Mary E. Marble Foundation. 

i Eescareli Fellow of tbe American College of 
Pliysician55. 

1 Wngley. F. F., Slien, S. C., Gardner, F. H., and 
Castle, IV. B., J. Lab. Clin. Med., 194S, 33, 1197. 

- Finland, M., and Curnen, E. C., J. Immunol., 
1940, .38, 457. 

s Hirst, G. K., Science, 1941, 04, 22. 

r Barky, E. E., ,T. Allcrgn, 1933-34, 5, 400. 

a Ilcktocn. E., and Scliulliof, K., Proc. Xat. 
Acad. Sci., 1925, 11, 4S1. 

c .Tacobs, .1. E., and Sommers, S. C., J. Immunol., 
1939, .30, 531. 

7 Horsfall, F. E., .Tr., .7. Immunol., 1934, 27, 553, 


more, rabbit brain extracts (containing lip- 
oids)® and rabbit fibrinogen® stimulate the 
formation in rabbits of complement-fixing 
antibodies and precipitins. Schwentker and 
Comploier^® and the Caveltis^^ have demon- 
strated the formation of complement-fixing 
antibody for homologous renal tissue. 

Such obsen'ations suggested that an animal 
might be sensitized experimentally to its own 
red blood cells. If such sensitization were 
demonstrated it would support the explanation 
that in certain instances of acquired hemohdic 
anemia in man the serum autoagglutinins may 
be formed in response to an antigen in red 
blood cells. Therefore, the following studies 
were made. 

Materials and Methods. Four female mon- 
grel dogs each weighing approximately 25 lb 
were maintained on a diet of horse meat and 
commercial preparations of dog food supple- 
mented with 1.2 g of ferrous sulfate a day. 
Red blood cells, hemoglobin concentration, 
hematocrit, icterus index, and reticulocyte and 
white blood cells in oxalated samples of venous 
blood were determined by conventional 
methods on the average of ei^erx'^ 10 days. 
Repeated determinations of osmotic and me- 
chanical fragility of the red blood cells were 
made by modifications of technics previoush’ 
described. Serum complement titrations, 
complement fixation, and cold agglutinin and 
warm agglutinin titers were followed periodic- 

8 Lewis, J. H., J. Immunol., 1941, 41, 397. 

9 Hektoen, L., and IVelker, IV. H., J. Infect. 
Die., 1927, 40, 700. 

Scliwentkcr, F. F., and Comploier, F. C., J. 
Exp. Med.. 1939, 70, 223. 

11 Cavelti, P. A., and Cavelti, E, S., Arch. Path.. 
1945, 40, 103. 

12 Slicn, S. C., Castle, II’. B., and Fleming. E. M., 
Science, 1944, 100, 387. 

13 Slien, S. C., Ham, T. IE, and Fleming, E. M., 
.Vcir England J. Med., 1943, 220, 701. 
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TABLE I. 

Changes in Tmo and Tniptn Following Mercury Administration. 



Tmo, 

mg glucose/1.73 sq. m/min. 

TlUpAH; 

mg PAH/1.73 sq. ni/niin. 

Age, yr 

Control 

Post-mercury 

% change 

/ 

Control 

Post-mercury 

% change 

53 

296 

316 

+ 6.8 

98.3 

58.3 

—40.7 

57 

206 

191 

— 7.3 



- . . 


44 

254 

270 

+ 6.3 

52.3 

23.3 

— o5.4 

59 

198 

200 

-f 1.0 

— 





65 

248 

248 

±: 0.0 

50.6 

24.9 

— oO.S 

67 

271 

312 

-1-15.1 







53 

377 

361 

— 4.2 

83.2 

54.3 

—34.7 

62 

252 

221 

--12.3 

— 





61 

224 

267 

-1-19.2 

83.4 

61.5 

—26.3 

48 

246 

238 

— 3.3 

— 





69 



Mean 

71.9 

47.2 

—34.4 

58 

257.2 

262.5 

-1- 2.1 

73.3 

44.9 

--40.4 


Control values represent the mean of 3 twelve minute urine eolleetion periods. Post- 
mercury values represent the mc.m of 4 twenty minute urine collection periods, extending from 
20 to 100 minutes following the injection of mercucanthin. 


tion that the Tripah is diminished while the 
Tmo is unchanged following .the administra- 
tion of mercury strongly implies that the 
mechanisms involved in PAH and glucose 
transfer are different. However, in conjunc- 
tion with this belief, it is interesting to note 
that the simultaneous measurement of TmpAH 
and Tmo in the dog results frequently in a 
depression of the former and occasionally in a 
depression of the latter .^^42 man the 
simultaneous determination of TmpAK and 
Tmo may result in a depression of the former 
and an apparent increase in the latter.^® At 

11 Houck, C. K., Pkoc. Soc. Exp. Biol, and AIed., 
1946, 03, 398. 

12 Kelley, V. C., and HcDonald, E. K., Am. J. 
Physiol,, 1948, 154, 201. 

13 Klopp, C., Young, N. P., and Taylor, H. C., 
Jr., J. Clin. Invest., 1945, 24, 117. 


present the observed depressions are pre- 
sumed to be a result of competition for 
available energy between the PAH and glu- 
cose transfer systems with the latter being 
favored 

Summary. The intravenous administration 
of 78 mg of organically bound mercury (2 cc 
mercuzanthin) causes a significant decrease in 
the TmpAH but no significant change in the 
Tmc, in man. It is concluded that under the 
conditions of this study mercury had no effect 
on the renal tubular glucose transfer sj^stem 
in man. 

The technical assistance of Mrs. Eleanore Eoach, 
Mrs. Elsie Beard, Miss Margaret JIcCollum, Mr. 
Charles Punte, and Mr. Eohert Faid is gratefully 
acknowledged. 
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which the washed red blood cells were ag- 
glutinated by anti-dog serum no anemia or 
increase in reticulocytes or icterus index ap- 
peared. The osmotic fragility of the red 
blood cells remained normal. No cold or 
warm agglutinins were demonstrable. The 
complement titer of the serum (1:32) did not 
fall; and no serum complement-fixing anti- 
body for the dog’s own red blood cells was 
demonstrable. The mechanical fragility of 
the red blood cells ranged from 3.1 to 6.1%; 
values considered by Shen’~ to be normal for 
dog red blood cells. 

Stimmary and Conclusions. Several at- 
tempts were made to sensitize 4 dogs to their 
own red blood cells. Three dogs showed no 
definite evidence of autosensitization. .Al- 
though 2 of these 3 dogs showed occasional 
marked fluctuation in mechanical fragility 
unaccompanied by other changes during these 
studies this was considered to be due to tech- 


nical difficulties. However, for a short period 
in one dog. 25 days after the injection of a 
modified Freund antigen, there was agglutin- 
ation of washed red blood cells when they 
were suspended in anti-dog serum rabbit 
serum. During this period of apparent auto- 
sensitization there was no anemia, reticulocy- 
tosis or jaundice. The red blood cells showed 
no alteration in osmotic or mechanical fra- 
gility. There was no fall in complement titer. 
Cold and rvarm agglutinins did not appear. 
There was no evidence of a serum comple- 
ment-fixing antibody for the dog’s own red 
blood cells. Such apparent autosensitization 
supports the explanation that in certain in- 
stances of acquired hemoljlic anemia in man 
serum autoagglutinins may be formed in re- 
sponse to an antigen in red blood cells. 

Received October 10, 1949. P.S.E.B.M.. 1949, 72. 


The Appearance of Acetylcholine During Normal Labor. (17451) 
Hsi-Chun Chang, Khati Lim, Hui-Fang Yeh, Tzu-Yun Lin and Shao-Tze Fang 

From the Departments of Physiology, and Obstetrics and Gynecology, Peiping Union 
Medical College, Peiping. 


In our earlier studies on the acetjdcholine 
(Ach) of the human placenta,^ blood from 
pregnant women was not available for inv'es- 
tigation. In consideration of the potent hy- 
drolytic action of the blood cholinesterase, it 
was inferred that .Ach of human placenta does 
not appear to reach the maternal circulation 
in any noticeable quantity. 

Opportunity to restudy this problem has 
not presented itself until lately. On the basis 
of an analysis of 288 blood samples of 152 
cases during pregnancy and at different stages 
of labor, our prerious impression has to be 
modified. 

Four cc of blood were obtained each time 
and poured into 2 volumes of 95% pure 
alcohol. The mixture was thoroughly ground, 

1 C11.U1R, H. a, .and Wong, A., Chin. J. Physiol., 
1933, 7, 151. 


dUuted ndth 2 volumes of saline and centri- 
fuged. The supernatant fluid was measured, 
and usually 0.5 cc or less was used for assa\’. 
-Alcohol-free extract was also prepared by 
evaporating 5 cc to dryness in room (23-30°) 
and re- taking up with 5 cc of frog Ringer 
solution. The e.xtracts were assayed on the 
toad’s rectus test which depends on the prin- 
ciple of equal potentiation of Ach standard 
and the unknown bj' eserine. So if the 
matched ratio is identical before and after 
eserine, it is taken as -Ach. Othenrise, Ach 
is considered to be nil. 

Table I gwes results showing a gradual 
appearance of -Ach toward the second trimester 
of gestation, an apparent increase of -Ach with 
the onset of labor, and a disappearance be- 
ginning 48 hours after labor. 

The blood of 10 non-pregnant women and 
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ally according to standard technics.^-^® 
Serum from rabbits previously injected re- 
peatedly with normal dog serum was heated 
at S6°C for 30 minutes and employed in a 
manner similar to that described by Coombs 
et Thus, equal aliquots of saline sus- 

pensions of washed dog cells were incubated 
for one hour at 37 °C with the anti-dog serum 
rabbit serum, centrifuged at about 300 rpm 
for 2-3 minutes, resuspended by gentle ag- 
itation and examined microscopically under 
a cover slip for agglutination. 

Procedures and Results. Several methods 
were emploj’-ed. The red blood cells from 
10 cc of defibrinated blood were frozen, thaw- 
ed and then incubated in 4 cc of streptococcal 
toxin containing 400,000 skin test doses for 
24 hours at 37°C. The suspension was then 
injected intraperitoneally into the dog from 
which the cells had been obtained. Fourteen 
such injections were made in 2 dogs at 2 day 
intervals. During the period of injection 
and for the 18 following days no significant 
alterations of results in the laboratory tests 
listed above were found. 

In the study of 2 other dogs red blood cells 
from 10 cc of defibrinated blood were incu- 
bated 24 hours at 37‘’C after being inocu- 
lated rvith 6 to 24 hour 'broth culture of hemo- 
lytic Staphylococcus aureus (Costello strain). 
The blood culture was then filtered through 
a Seitz filter and frozen for 24-48 hours be- 
fore being used. After thawing, the filtrate 
was injected intraperitoneally into the dog 
from which the cells had been obtained. To 
1 dog 10 such injections were given and to 
another dog 11 injections at 48-72 hour inter- 
vals. During the period of injection and the 
following 1 7 days no significant alterations of 
results in the laboratory tests listed above oc- 
curred. One dog showed fluctuations in me- 
chanical fragility of its red blood cells from 3.2 
to 50% unassociated with other changes in the 
•results of laboratory tests listed. As marked 

llBovd, W. C., Fundamentais of Irnmunohgy, 
Itttcrsci'ence Publislicrs, 1947. 

15 Stats, D., and Wasserman, 1/. B., Mcaicinc, 

1043 22, 363. 

10 Coombs, R. E. A., Moarant, A. E., and Bace, 
E. E., Brit. J. Pxp. Fatlu, 1945, 20, -oa. 


fluctuations in mechanical fragility of appar- 
ently normal dog cells sporadically occur'^ 
such an isolated obseri'ation was not con- 
sidered indicative of autosensitization. 

Seventeen to 18 days after the previous ex- 
periments each of the-4 dogs was given a single 
subcutaneous injection of a modified Freund 
antigen^® consisting of a mixture of 1 cc of 
its own washed, packed red blood cells, 1 cc 
of mineral oil*, 0.2 cc of a lanolin-like sub- 
stanesJ and 1 mg of heat killed Mycobacteria 
tuberculosis (H37Rv strain). II Over a period 
of 6 weeks following the injection no changes 
w'ere noted in osmotic fragility or complement 
liter and no development of cold or of warm 
agglutinins or of serum complement-fixing 
antibodies occurred. The washed red blood 
cells did not clump in anti-dog serum rabbit 
serum. The mechanical fragility of the cells 
from 2 of the dogs fluctuated in an^ unpredict- 
able manner. How'ever, in light of previous 
e.xperience’" this was not considered indic- 
ative of autosensitization. 

Six weeks after the injection of the above 
described modified' Freund antigen a second 
similar preparation was made with the red 
blood cells of each dog. The mixture was 
then heated at 57°C for 2)4 hours, cooled, 
added to 2 cc of fresh pig serum and injected 
immediately subcutaneously. Again there 
were no changes in 3 of the dogs as tested 
bj* the laboratory procedures listed above. 
However, in 8 obserx'ations made from tlie 
25th to the 35th post-injection day the wash- 
ed red blood cells from the fourth dog showed 
definite agglutination when suspended in 
anti-dog serum rabbit serum. On the 36th, 
37th, 38th and on subsequent post-injection 
days the cells W'ere found non-agglutinable 
by such a procedure. During the period in 

1“ Slion, S. C., private communication. 

18 Freund, .1., and JIcDcrmott, K., Pnor. Soc. 
Exp. Biou. -VXD Mf.d., 1942, -to, 548. 

t The brand of miner.nl oil used nas Baj'ol F, 
supplied by the Standard Oil Comp.any of Neu 
Jersey. 

§ The l.molin-libo substance was Falba, the trade 
name for .a preparation of Pf.alz .and Bauer, Inc., 
"Ivew Torh. 

!| Supplied tlirougb the courtesy of William 
Steenken, Jr. 
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probable Absence of Citrulline from Proteins. (17452) 

W. J. WiNGO AND 0. L. DA^^s (Introduced by H. N. Mandn) 

From the Biochemistry Department, Anderson Hospital jor Cancer Research, Houston, Texas. 


Several early investigators noted that car- 
bon dioxide is one of the products of the acid 
hydrolysis of proteins. Dunn^ found that as 
much as 0.81% of casein could be accounted 
for as carbon dio.xide after 30 hours of acid 
hydrolysis. It has been generally supposed 
that this carbon dioxide is bound as a ureide 
in the protein molecule and the e.xact type of 
binding is uncertain. Fearon’s- diacetyl 
monoxime test for ureide compounds is posi- 
tive for many proteins. Wada® reported the 
isolation of citrulline from tr 3 'ptic digests of 
casein, but this vork has never been repeated. 
Since certain types of bacteria can convert 
arginine to citrulline, it is possible that Wada’s 
citrulline may have been formed by bacterial 
action during the enziunatic hydrolysis. 

This investigation tos undertaken in order 
to obtain additional evidence as to the nature 
of the ureide groupings in proteins. 

Methods and results. The proteins used 
in this study were all prepared in the labora- 
tory. Casein was prepared according to the 
method of Van Slyke and Baker, the ciy^stal- 
line globulins of watermelon seed and pump- 
kin seed by the method of Vickery,® arachin 
by the method of Johns and Jones,® amandin 
by the method of Osborne," and myosin by 
the method of Dainty, Kleinzeller, ct al.^ 

The 2 crystalline globulins were recrystal- 
lized twice after the initial isolation, and the 

r Dunn, M. S., •?. .Im. Chem. Sac., 1925, 47, 25C4. 

2 Fwiroii, tv. R., Bioehem. J,, 1939, 33, 902. 
zXY.ntl.i, M., JiioeJicm. Z., 1933, 2137, 1. 

■> Van Slyke, L. L., and Baker, J, C., J. Biol. 
Chem., 1918, 35, 127. 

5 Vickery, H. B., Smith, E. L., nubbcll, R. B., 
.md Nokm, h. S., J. JJioT. Chem., 1941, 140, 013. 

fi-Tohns, C. 0., nnd Jones, D. B., J. Biol. Chem., 
3917, 28, 77. 

7 Osborne, T. B., ^ni. J. Physiol., 1907-OS, 20, 
470. 

» Dainty, M., Klcinzellcr, A., Lawrence, A. S. C., 
Mi!xU, M., Necdlmm, J., Keodham, D, M., .nnd 
Shen, Sliih-Clmng, ,T. Gen. Physiol., 1943-4, 27 , 
355. ’ ’ 


arachin and amandin were twice dissolved and 
precipitated by dialysis after the initial isola- 
tion. The casein and myosin -were used as 
originally isolated. 

After preparation the proteins ivere air 
dried until completely equilibrated with re- 
gard to moisture content. They were analyzed 
for moisture and ash, and for nitrogen by the 
Kjeldahl method using mercurx' as the cata- 
lyst. The results of these analyses are given 
in Table I. 

These proteins gave moderate to marked 
positive tests for ureide groups when tested 
under the conditions of Archibald’s® citrulline 
determination. After they had been hydro- 
lyzed for 16 hours or longer with 6N hydro- 
chloric acid, none of them gave positive tests. 
It was thought that this might be due to de- 
struction of any citrulline contained in the 
proteins during the hydrolysis, so the de- 
struction of citrulline alone under the con- 
ditions employed for hydrolysis of the proteins 
was studied. One ml samples of solutions of 
citrulline (about 1 mg/ml) in 6N hydrochloric 
acid were sealed in small glass bomb tubes 
and heated in the oven at 110°C. .\t intervals 
samples were removed and cooled, and their 
citrulline content was determined by Archi- 
bald’s method. Under these conditions citrul- 
line is surprisinglj'- resistant to acid h 3 'droly- 
sis; it is destroyed by a first order reaction 
whose half-life is approximately 26 to 28 
hours, as is seen in Fig. 1. This is not con- 
clusive evidence for the absence of citrulline 
from proteins since it is well known that cys- 
tine and threonine are much more easilj' de- 
stroyed when in peptide combination than 
when free. Other e.xperiments in which paper 
chromatography was employed to identify the 
products of hydrolysis of citrulline showed 
that under these conditions ornithine was the 
onlj- product formed in detectable amounts. 

Since Wada’s isolation of citrulline was 

O^VrdiibaW, R? 31., J. Biol. Chem., 1944, 150, 
121 . 



TABLE I. 

Increase in Acotylelioliiio of Blood During Pregnancy. 

During pregn.uncy During labor After labor 

/ \ Before onset r~— 1 / 

Ist trimester 2nd trimester 3rd trimester of labor Earlj' stage Late stage Before 48° After 48 
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10 male individuals showed no evidence of 
Ach b 3 '’ the same test. Trichloracetic e.xlract 
prepared according to Chang and Gaddum^ 
gave results of the same order as that of 
alcohol extract. 

Although alcohol has a potentiating action 
on Ach/’^ it did not appear to influence the 
results of our test under the routine precau- 
tions taken. In 25 trials to studjr this point, 
the alcoholic extracts gave an average of 
1.355 dr 0,090 y/cc, while the corresponding 
alcohol free extracts gave an average of 1.181 
rh 0.105 y/cc, the difference being 0.174 ± 
0.139. 

From the studies made on placental tissue 
and perfused placenta,® it was suggested that 
Ach may play a local role in the normal 
mechanism of labor. Any theoretical deduction 
made from studies on a tissue which has been 
discharged as being of no more use to the 
body is to be guarded against. By demon- 
strating an increased blood Ach toward term 
and with the onset of labor, our suggestion 
that Ach may play a role in the normal 
mechanism of labor is further strengthened. 

In view of this finding of blood Ach, the 
suggestion of using eserine for induction of 
labor® deserves a trial which is in progress. 

Summary. In a study of 288 samples of 
blood from 152 cases, a gradual appearance 
of Ach toward the 2nd trimester of pregnancy, 
an increase of Ach with the onset of labor, and 
a disappearance 48 hours or more after labor 
were demonstrated. Blood of 20 normal sub- 
jects of both sexes showed no evidence of 
Ach with the same test. 

eCSmng, H. C., and Gaddum, J. H., J. Physiol, 
1933, 79, 255. 

3 Mcng, G. W., Chin. J. Physiol, 1941, 10, 291. 

Ettinger, G. H., Brown, A. B., and Megill, 
A. H., J. Pharmacol., 1941, 73, 119. 

nClrnng, H. C., Lee, L. T., and Meng, C. W., 
Chin. J. Physiol, 1940, 15, 343. 

Keceived August 12, 1949. P.S.E.B.5I., 1949, 
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Since these extraordinarily high “recover- 
ies’" were not obtained in the enzyme blank, 
substances other than the proteins or their 
digestion products are eliminated as a cause 
for the high “recovery.” Amino acids cannot 
cause this effect since an acid hydrolysate of 
casein added to citrulline and put through the 
colorimetric determination of citrulline did 
not give high results. Similar but less mark- 
edly high “recoveries” were obtained when 
commercial peptones were added to citrulline 
solutions, so that it would appear that the 
presence of partial digestion products of the 
proteins in a citrulline solution markedly en- 
hances the chromogenicity of the citrulline 
in the diacetyl monoxime reaction. 

Discussion. Although the results obtained 
in this study are not absolutely conclusive in 
demonstrating that citrulline is not present in 
proteins, they nevertheless strongly indicate 
that it is absent or present only in veiy^ small 
amounts in the 6 proteins studied. Citrulline 
might be more readily destroyed by acid when 
in peptide combination than when in the free 
state, but unless this difference were very' 
great, small amounts of it should surtdve acid 
hydrolysis. Acid hydrolysates were complete- 
ly negative for citrulline by the diacetyl mon- 
oxime reaction. Furthermore, if significant 
amounts of citrulline were present, it should 
have been recovered in the enz\-matic digests. 
The e.xact nature of the ureide compound pres- 
ent cannot be determined from these results. 
The virtual elimination of citrulline as a possi- 
bility enhances the probability that the original 
ureide maj' be either a cyclic tj-pe of struc- 
ture or more probably simply carbamic acid 
present as a constituent of the peptide chain 
and hydrolj'zed and spontaneously decom- 
posed during enzymatic hydrolysis. 

Summary. 1. Casein, amandin, arachin, 
myosin, and the cr 3 'stalline globulins of pump- 
kin seed and watermelon seed give marked to 
moderately strong diacetj'l monoxime reac- 
tions for citrulline when tested directly but 
their acid hi-drolysates give completeh- nega- 
tive results. 

2. Citrulline itself is relativeU' slowlj' de- 
stroj’ed by treatment with 6X hj'drochloric 
acid at llO'C. 

3. Only very small amounts of ureide com- 



416 


Absence of Citrulline froji Proteins 


TABLE I. 

Analysis of Protein Samples . 


Protein 

Moisture, % 

Asli, 9c 

A',% 

N, % M and 
A free 

Casein 

10.36 

0.37 

13.78 

15.44 

Myosin 

10.04 

1.03 

15.03 

16.90 

Aracliin 

9.44 

2.86 

16.01 

18.26 

Amandin 

9.38 

0.43 

17.45 

19.35 

Pumpkin seed globulin 

10.23 

O.lo 

16.47 

1S.3S 

■Watermelon seed globulin 

9.31 

0.06 

16.77 

18.50 


done from a tryptic digest of casein it was de- 
cided to determine the amounts of citrulline 
present in enzymatic hydrolysates of the 6 
proteins. Seven 1 g samples of each of the 
proteins were weighed out into 125 ml Erlen- 
meyer flasks. About 1 g of precipitated calci- 
um carbonate was added to each flask, to- 
gether with SO ml of water. The samples were 
allowed to stand for 24 hours in the refrigera- 
tor in order for the protein to become thor- 
oughly wetted. Ten mg of Difeo, 1/110 tryp- 
sin were then added to each flask and to 
each of 7 enzyme blanks containing calcium 
carbonate and water. A known amount of 
citrulline w'as added to 3 of the samples of 
each protein and to 3 enzyme blanks; about 
1 ml of xylene was added to each flask and 
all samples were incubated at 37°C. At inter- 
vals samples were withdrawn from one en- 
zyme blank and from one sample (containing 
no added citrulline) of each protein and ti- 
trated by Northrup’s^” formal titration, modi- 



1925-26, 9, 

767 . 


fled in that the end points were determined 
with the aid of a Beckman pH meter. When 
the amino nitrogen contents had become con- 
stant in the pilot flasks an additional 10 mg 
of trypsin and 1 mi of an active Waldschmidt- 
Leitz'i preparation of erepsin were added to 
each flask. Digestion and determination of 
'the amino nitrogen in the pilot flask was con- 
tinued ; and when the amino nitrogen had be- 
come again constant an additional ml of erep- 
sin was added to each flask. After one week's 
additional digestion the samples were removed 
from ■the incubator, filtered into 100 ml volu- 
metric flasks, and made up to volume ivith 
the washings. Aliquots of these digests were 
taken for determination of total amino nitro- 
gen content and of total ureide content. The 
results are shown in Table II. In each case 
a correction has been made for both amino 
nitrogen^ and citrulline content by subtracting 
the value found in the appropriate blank from 
that found in the protein digest. In no case 
was more than 0.09^ of the protein accounted 
for as “citrulline” by the colorimetric determi- 
nation; however, in all runs in which citrul- 
line was added to the digests the recoveries 
in terms of color intensities were extraordin- 
arily high, f.e., the observed colorimetric val- 
ues corresponded to from 300 to 500^ of the 
amounts added. It was thought that a pep- 
tide with enhanced chromogenicity might have 
been formed during hydrolysis, but similarly 
high “recoveries” were obtained when the 
citrulline was added to the digests immediately 
before determination and even when the di- 
gests had been heated for half an hour on a 
boiling w’ater bath to inactivate any residual 
enzyme. 

11 Waiaschmidt-Leitz, E., and Scliacffner, A., 

Z. physiol. Chem., 1920, 151, 31. 
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TiVBLE I. 


Ecsults of Lipid Analyses of tlie Arctic Stickleback and of 2 Groups of Guppies. 

All values expressed in percent fresh tissue. 


Substance 

Arctic 

stickleb.aek 

Guppies fed commercial 
fish food 

Guppies fed earth- 
worms 

Fattv acid — mc.an 

4.SS 

S.S7 

7.30 

Range 

2.4G-7.0G 

8.14-9.94 

G.22-9.33 

Cholesterol — mean 

0.32 

0.56 

0.55 

Range 

0.29-0.35 

0.4-0.93 

0.44-0.C3 

Lipid P — mean 

0.08 

0.09 

0.08 

Range 

O.OG-0.08 

0.07-0.12 

0.06-0.09 

Phospholipid — mean 

1.87 

2 31 

2.05 

Range 

1.57-2.08 

1.S3-2.G0 

1.52-2.31 


TABLE II. 

Table Sliowinp the Tarious Lipid Ratios for the Arctic Stickleback and for the 2 Groups of 
Guppies. The ratios vrcrc calculated from the means given in previous table. 


Group 

Chol/fa 

Chol/phosph 

Chol/lipid P 

Fa/lipid P 

Stickleback 

.07 

.17 

4.0 

01.0 

Guppy — worm fed 

.08 

.27 

0.9 

91.0 

Fish food 

.00 

.24 

G.2 

99.5 


3 groups is the same. 

Calculations of the various lipid ratios -were 
made for each group (Table II). Examina- 
tion of these ratios indicates that, in relation 
to cholesterol, there is more phospholipid in 
the Arctic fish than in any of the guppies. It 
is maintained that the higher the ratio, chol- 
esterol/lipid phosphorus, the greater the water 
content of the tissue in question.® If this 
generalization is universally true, the Arctic 
stickleback contains less water than does the 
guppy. It might be that this lower water 
content is correlated vrith the ability of the 
stickleback to withstand freezing." 

The fatty acid/lipid phosphorus ratios show 
that in the .Arctic fish there is much less fatty 
acid, in proportion to phospholipid, than in 
the guppies. This may indicate that the 
turnover of fats is more rapid in the stickle- 
back than in the guppies. 

There is an interesting parallelism in the 
lipid content of the whole carcasses of guppies 
fed on commerdal food and li%-er lipids in 
\-arious fish. For e.vample, WeilF found the 

M.-iver, A., and ScIi.acfTer, G., J. physiol, path, 
pry.. 1P13, ir,. 171. 

7 J'oucl.ct, F. A.. J. Jnat. rhiisioh, 3 SCO, 3, 1. 

s VTcill, J., C. r.. Acad. Sci., 1914, 158, G42. 


liver cholesterol in various fish to be as fol- 
lows (percent wet weight): Truta fluvialitis, 
0.68; Gadus merlangus, 0.34; Solea vulgaris, 
0.47. These values are quite close to that 
of 0.56% cholesterol in the guppies fed com- 
mercial food (Table I). 

Mottram® reported that in the liver of the 
plaice fatty acids amount to 8.S6% of the 
fresh tissue. This value compares closely with 
that of 8.87 Yo fatty acids in whole guppies 
(Table I), 

Similarly. Javillier and co-workers’® found 
that in the liver of the carp lipid phosphorus 
amounts to 0.099% fresh tissue, a value simi- 
lar to 0.09% for lipid phosphorus in the whole 
guppies. The Arctic stickleback also con- 
tains a similar amount of lipid phosphorus 
0.08% (Table I), although its other lipids 
do not resemble so closeh" those of the guppv. 

The present results indicate that in the 
stickleback pho^holipids are high in propor- 
tion to other lipids. Such a condition suggests 
that in the single Arctic fish studied lipid 
metabolism is proceeding at a higher level 
than in the guppies, for phospholipid level is 

3 Motir-nm, V. H., J. Physiol., 1912. 

JO J.-i\-illier, M.. Cremico, A., and Hingbis, A., 
JBuU. Soe. chiyi. hiol., 192S, 10. 327. 
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potmds are found in enzymatic hydrolysates 
of the 6 proteins; however, when citrulline is 
added to sudi hydrolysates, its "recovery” in 
terms of colorimetric units corresponds to 
several times the theoretical value. The rea- 
son for this anomalous result has yet to be 
determined. 

4. It is probable that citrulline is either 


absent or present only in minimal quantities 
in these proteins. 

Tins work was supported in part bj’ a grant 
(INSTB. 23) from tbe American Cancer Society. 

The authors wislr to tliank Miss Jane Price for 
the nitrogen analyses of the protein preparations. 

Ececived Sept. 10, 1949. P.S.E.B.JI., 1949, 72. 


Comparative Study of Lipids in Whole Carcasses of Arctic and 
Non-Arctic Fish.* (17453) • 


Charles G. IVilber and Michael Del Pomo 

From the Arctic Research Laboratory, Pi. Barrow, Alaska attd The Biological Laboratories, 
St. Louis University, St. Louis, Mo. 


■ Information concerning lipid content and 
metabolism in cold-blooded animals is rela- 
tively meager.^ Concerning these matters in 
Arctic poikilotherms, information is non-exis- 
tent. A survey was, therefore, made of the 
lipid content of whole fish, Pygosfeus ptingi- 
this,- the Arctic 9-spined stickleback. The 
results were evaluated in comparison with 
similar analyses made on the common guppy 
(Girardimis giippyi). 


Material and methods. Whole sticklebacks 
or guppies were carefully weighed and then 
dropped into a mi.xture consisting of 3 parts 
of pure ethanol and 1 part benzine. After 24 
hours the fish were ground with sand and the 
lipids extracted according to Bloor's method.^ 
Total fatty acids were estimated using the 
method of Bloor as modified by Snell.® Lipid 
phosphorus was estimated by a modified 
Youngburg technic;^ from the latter results 


* Supported by a grout from the Arctic Institute 
of Nortli Amcrie.a witii funds provided by the 
Office of Naval Besenreh. Sincere thanks are due 
Dr. Laureuee Irving, director, and tbe staff of tlic 


ctie Eesearcli Laboratory for invaluable aid 
idered during the work in the field. 

I Bloor, tv. B., Biochemisirii of the Fatty Acids, 
w Xork, 1943. 

! Preble, B. A., A. biological investigation of the 
hnbaska-Mackenzio Begion, North American 
una, No. 27, Washington, 1908. 

! Snell, F. P., and Snell, C. T^, Colorimetric 
thods of analysis. New York, 1937. 


phospholipids were calculated as lecithin. 
Measurements of cholesterol were based on 
methods developed by Bloor.® Since all the 
procedures are colorimetric, a Kiett-Suramer- 
son photometer was used to measure the vari- 
ous color intensities. Ten sticklebacks were 
analyzed. Two groups of 5 each guppies were 
tested: one group was fed ordinary com- 
mercial fish food; the other, chopped earth- 
worms. 

Results. The results are summarized in 
Table I, which shows that there is a mean 
value of 4.88% fatty acids, 0.32% cholesterol, 
and 1.87% phospholipids in the Arctic stickle- 
back. 

Table I also shows that the group of guppies 
fed on commercial fish food have the follow- 
ing mean lipid values: fatty acids, 8.87%; 
cholesterol, 0.56%; phospholipid, 2.31%. 
Guppies fed on chopped worms have lipid 
values practically identical wn'th those fed 
commercial fish food. 

Discussion. The results indicate that there 
is about the same amount of cholesterol in 
the guppies on either diet, but that there 
is less cholesterol in the Arctic fish than in 
the guppies. Total fatty acids are higher in 
the guppies, on either diet, than in the Arctic 
stickleback. The phospholipid content of all 

•« Youngburg, G. E., .md Youngburg, 5t. V., 

,T. Lab. din. Mrd., 1930, 10, 158. 

5 Bloor, W. K., .7. Biol. Chem., 1910, 34, 227. 
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nitude of change. 

Bipolar registration, shifting of electrodes, 
use of needle electrodes or coupling of 2 to 
8 electrodes did not jdeld any essential im- 
provement. The changes in the records from 
the base of the skull were similar to those ob- 
sen’ed from the cortical area. 

In 4 experiments Math morphine an addi- 
tional decrease occurred to some e.xtent on 
the application of the pain stimulus. Further 
tests were not made because pain and mor- 
phine^ tend to produce both flattening of the 
middle range of waves which makes reliable 

- Gibt)s, F. A., and llaltbY, G. L., J. Pharm. and 
£xp. Tlicrap., 1943, 78, 1. 


interpretation of experimental data practically 
impossible. 

Summary. The possibility of E.E.G. regis- 
tration of pain was e.xamined in 17. human 
subjects. A decrease in amplitude of the waves 
was obsen'ed, which was more evident in the 
parietal, occipital, temporal and frontal in a 
descending order. This change, however, is 
not dependent on the nature and degree of pain 
and it is not specific as it occurred with cold, 
heat and touch as well. 

■VYe desire to acknowledge the assistance of Dr. 
P. A. Gibbs and Mrs. E. L. Gibbs in certain as- 
pects of tliis studv. 

Received July 27, 1949. P.S.E.B.M., 1949, 72. 


Experimental Pulmonary Edema. II. Pathogenesis of Pulmonary Edema 
Caused by Ammonium Ion.* (17455) 

Eaton M. INIacKay, INIary D. Jordan and Lois L. INIacKay 
Front The Scripps MetpboUc Clinic, La Jolla, California. 


Koenig and Koenig^ have described an 
acute pulmonary edema followng the adminis- 
tration of ammonium salts to different species. 
It appears to be specifically a result of the 
ammonium ion. The occurrence and gross 
appearance of this edema resembles epineph- 
rine induced pulmonarj' edema and in an 
effort to obtain information about the mechan- 
ism of the ammonium pathologi' a study has 
been made of its relation to edema due to 
epinephrine and adrenergic stimuli. 

Experimental. Epinephrine induced pul- 
monary edema may be prevented by adrener- 
gic blocking agents.^-" Their influence was 
observed upon ammonium pulmonary edema. 
Unfasted guinea pigs were divided into groups 
with the same sex distribution. .411 groups 

‘ This study wjis suiiptirlcil by .t grant from the 
Life liisiiraiioe Medical Research Fund. 

I Koenip. H.. and Kocnip, R., Pp.oc. Soc. Exp. 
Biol, .vs-d Mf.I).. 1949, TO, 37,1. 

Gtonc. C. A., and Loow, E. R., Pr.oc. Soc. Esp. 
BiOL. ANT> .Mnn.. 3949, 71, 122. 

a MacKay, E. M., .-ind I'ccka, E. F., ,Tr., Pitor. 
Gor. Exp. Biol. .\.xo Mr.n., 1949, 71 , r,C 9 . 


were lightly etherized to pass a stomach tube. 
Group 1, the controls, were given a sham dose 
of 10 cc water per kg body weight. .411 other 
groups received 1200 mg/kg of a 12% solu- 
tion of XH^Cl by oral gavage. Ten minutes 
before receiving the ammonium salt groups 3, 
4 and 5 respectively received by intravenous 
injection in 1 cc saline/kg; 2 mgAg of a B- 
haloethylamine, N-fQ-fluorenvlj-X-ethtd-B- 
chloroethylamine-HCl (“SKF-SOl”) ; 2.5' mg/ 
kg X- ( 2-chloroethyl)-X-ethvlbenzhydryla- 
mine-HCl (“SY-Z”), which like'‘'SKF-S0l'” is 
an effective adrenergic blocking agent; and 1.5 
mgAg of the potent antihistaminic X-B-di- 
metliylaminopropylthiodiphenylamine - HCl 
(“Phenergan”, 3277 R.P.). The presence of 
pulmonarj’ edema was determined at an autop- 
sy bj' gross inspection and lung weight was 
used as a measure of its extent. 

The summarized data comprise Table I. 
Group 1 was killed with ether while all of the 
animals in the other groups succumbed with 
convulsions 5-30 minutes after receiving the 
ammonium salt. The two adrenergic block- 
ing agents and the antihistaminic all were 
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a good indication of overall level of fat metab- 
olismd One might expect just such a condi- 
tion as an adaptation on the part of the 
stickleback to Arctic living; the high caloric 
values of the fats make them ideal sources of 
energy in an environment such as the Arctic. 

Other adaptations of a metabolic nature are 
known to exist in Arctic fish; polar cod tissue 
shows Qo 2 -temperature curves peculiarly adap- 
ted to functioning at low temperatures.*^ 

Summary. 1. Whole Arctic sticklebacks and 
ordinary guppies were analyzed for fatty acids, 
cholesterol and lipid phosphorus. 

2. It was found that diet does not have an 
appreciable effect on the lipids in the guppies. 

11 Pielfl, J., and Peiss, C. N., Fed. Proc., 1949, 
S, ii. 


3. Cholesterol and fatty acid are higher in 
the guppies than in the Arctic fish. On the 
other hand phospholipid is essentially the 
same in all the fish examined. 

4. There is more phospholipid in relation 
to cholesterol in the Arctic sticklebacks than 
in the guppies, a fact which may be interpreted 
as indicating a higher level of fat turnover in 
the former than in the latter. 

5. The ratio of cholesterol/lipid phosphorus 
is lower in the stickleback than in the guppy, 
indicating a lower water content in the tissues 
of the former. This may be correlated with 
the reported ability of the stickleback to resist 
freezing injuries. 

Bccoived October 20, 1949. P.S.E.B.M., 1949, 72. 


Electroencephalographic Changes Associated with Painful and Non-Painful 
Peripheral Stimulation. (17454) 

F. B. Benjamin and A. C. Ivy 

From the Department of Clinical Science, University of Illinois, Chicago. 


This work was undertaken to ascertain 
whether the perception of pain is associated 
with a specific change in the electroencephalo- 
gram (E.E.G.), which might be used as an 
objective criterion of pain. 

Methods. A Grass Electoencephalograph 
was used with 6 or S electrodes in 1 7 e.xperi- 
ments on as many subjects. In addition to 
the usual 8 electrodes (2 f rentals, 2 parietals, 
2 temporals and 2 occipitals) the Grinker 
needle electrode* in the sphenoid bone was 
employed in 2 e.xperiments, and a saline 
saturated cotton electrode pressed against the 
posterior pharjmgeal wall in one. For the 
purpose of exploring any changes from the 
region of the base of the skull or hyiiothalamus 
near the foramen ovale in still another experi- 
ment an insulated needle electrode was inser- 
ted (under infiltration anesthesia) between 
the mandible and zygoma to a depth of 5.5 
cm Monopolar registration was emploj^ed 
with the lobe of the ear as indifferent elxtrode 
Pain was produced in several ways in each 
experiment, (a) A Von Frey hair stimulator 


was applied to a previously determined pain 
point on the right forearm with a pressure of 
8 g. (b) The web of the skin between the 
thumb and index finger of the right hand was 
pressed between a forceps, (c) As a control in 
two experiments heat, cold and touch were 
applied to the right forearm without causing 
pain. 

Results. In all experiments a definite 
change in the E.E.G. occurred. It consisted 
of a decrease in amplitude, which was in the 
nature of a loss of electrical entropy and must 
be separated from the attention wave, which 
frequently appeared as an additional factor. 
The change was not specific for a pain stimu- 
lus or sensation since a similar response was 
obtained with heat, cold and touch. The de- 
crease was bilateral and iras not con- 
fined to any large cortical area, though it was 
more pronounced in the parietal, occipital and 
temporal region in a decreasing order of mag- 

1 Grinker, K. E., .nnd Scrota, II. Jf., d- Xcuro- 
physiol., 193S, 1, S73. 
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TABLE n. 

Influence of Ammonium Cliloride on Blood Sngnr. 


Average blood sugar concentration — mg%* 


in min. 

1 

Controls 

0 

NH 4 CI 

t 

3t 

NH 4 CI preceded 
by “SKE-501” 

4t 

XH 4 CI preceded by 
tetraetliylammoninm 

0 

112 

132 

140 

136 

10 

lie 

216 

224 

206 

17 

llS 


208 


20 



260 

220 

22 


272 

256 

244 

24 

120 

296 

272 

282 


* 3 unfasted guinea pigs in each group, 
t Doses of IVH 4 CI and ‘ ‘ SKFrSOl ” as in Table I. 

} Dose of tetraethylamraonium bromide 10 mg/kg subcutaneously. 


monium chloride and it was prevented by the 
adrenergic blocking agents. The control lungs 
always appeared much more edematous than 
their weight would indicate. We have often 
noted a disproportion between the extent of 
edema and the amount of fluid which collected 
in the alveoli and bronchioles. Groups of 
four 2 kg rabbits were given 1.25 g/kg of 
25% NH4CI by stomach tube. Two groups 
were given the blocking agents in the same 
dose used in the guinea pig experiments. The 
lungs of Group 1 (controls) averaged 0.46 g, 
Group 2 (NH4CI treated) 0.7 1 g, Group 3 
(NH4CI preceded by “SKF-501”, see Group 
3, Table I) 0.45 g and Group 4 (NH4CI 
preceded by “SY-2”, see Group 4, Table I) 
0.42 g/100 g body weight, respectively. There 
was no edema except in the lungs of Group 2, 

Ammonium salts might exert an adrenergic 
effect by direct action on sympathetic nerve 
endings, or by direct or reflex central stimula- 
tion. Ammonia has long been known as a most 
effective means of stimulating the brain me- 
dulla refle.xlj^ and in addition to lung edema, 
the Koenigs have found pathologv resulting 
from fatal doses of ammonium salts. Hyp- 
notics have been claimed to prevent lung edema 
due to epinephrine." Ethyl ether prod'uces an 
anesthesia characterized by complete paralysis 
of the motor reflex centers in the cord and 
some depression of the medullary centers. 
When our animals were continued under a 
deep ether anesthesia in place of slopping the 

«Sollmai., T.. A Manual of PharniacoloRv. 3rd 
ciU JI. s:,p, Vi-, n. Saunders Co., Philadeliibia.’ 1928. 

' I.uis.Tla, A., Arch. Exp. Path., 192S, 132 313 


anesthetic after the light etherization used for 
gavage to give the ammonium chloride, they 
lived as long as similar unanesthetized con- 
trols and died without the usual convulsions 
tyT>icaI of toxic doses of ammonium salts. 
Pulmonary edema was always absent. The 
average lung weight of 4 etherized ammonium 
chloride pigs was 0.57 in comparison with 1.34 
g/100 g body weight for a similar group of 
non-etherized NH4CI controls. We interpret 
this as evidence in favor of the ammonium-in- 
duced pulmonary edema being a result of re- 
flex or direct stimulation of the medullary 
centers which results in an outflow of exces- 
sive adrenergic stimuli. The stimuli do not 
necessarily act on the pulmonary circulation 
primarily but as in epinephrine pulmonary 
edema® may produce left heart failure with an 
increased pulmonary venous pressure and the 
inevitable edema. 

The administration of ammonium chloride 
causes a marked hjTierglycemia which might 
be interpreted as due to a release of epineph- 
rine by the adrenal medulla. However am- 
monium salts have been reported®'® to have 
no effect on adrenal release of epinephrine and 
they- may' induce a hypergly'cemia in adrenal- 
ectomiz^ rabbits.'® We have found (Table 
II) that neither an adrenergic blocking agent 
nor tetraethlammonium which blocks the re- 
lease of epinephrine by' the adrenal medulla" 
influences the hypergly'cemia due to ammoni- 

s Ilouss.ny, B. A., .and Molinclli, E. A., Compt. 
rciKl. Soc. hiol., 192,'), «S, I15G. 

9 Shoji, J., Tohol-ti .T. Exp. Mctl.. 1937, .30. 259. 

mSatako, Y., Tohnlu J. Exp. Med.. 192G, 8. 2G. 
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TABLE I. 

Prevention of Ammonium Cliloride Pulmonary Edema in Guinea Pigs nitli Adrenergic 
. Bioclang Agents. 

No. of animals 


Group Ingroup With edema Avgbodywt, g Lung nt, g/100 g hod^Mvt 

Controls 

1 18 0 736 0.69 ± .11 

1200 mg NHjOlAg 

2 24 24 680 1.50 ± .21 


1200 mg NH 4 Cl/hg preceded by 2 mg/kg of N-(9-fluorenyl)-N-etlirl-B-chloretIivlainine* 

3 18 0 645 ‘ 0.71 ± .11 

1200 mg NH^Cl/kg preceded by 2.5 mg/kg N-(2-c!iloroetliyl)-N-et!)y5benz!i3'drrl.amine • HClf 

4 12 0 685 0.65 ± .15 


1200 mg NHdCIAg preceded by 1.5 mg/kg N-B-dimethvlaminopropylthiodiphenvlaminc • IICl} 
5 12 11 676 ‘ 1.40 ± .25 

* We are indebted to Dr. Glenn E. Ullyot, of Smith, Kline and Prench in Pliiladclphia for 
a supply of this compound (SKF-501). 

t Dr. Leon A. Sweet of Parke, Davis and Co., Detroit, Mich., sent this materia! (Sy-2) to us. 
i (Phenergan, 3277 R.P.) supplied through the courtesy of Dr. A. Gibson, Assoc. Jledical 
Director, Merck and Co., Bahway, N. J. 


without influence upon mortality. Since both 
of the adrenergic blocking agents completely 
prevented the ammonium edema but not the 
mortality, we may conclude that pulmonary 
edema need not be the cause of death from 
toxic doses of ammonium salts. The anthista- 
minic was without effect on the ammonium 
edema, which in this respect resembles the 
fulminating pulmonary edema due to epineph- 
rine .- 

Epinephrine-induced pulmonary edema ap- 
pears to be due to increased pulmonary pres- 
sure which it produces- possibly not directly, 
even though the vascular tree of the lungs is 
richly supplied with sympathetic fibres, but 
as a result of the high systemic arterial pres- 
sures. The complete protection against epi- 
nephrine edema afforded by adrenergic block- 
ing drugs-® which pharmacologically block 
excitatory actions of epinephrine such as vaso- 
constriction, is also true of the ammonium 
edema which suggests that the latter might also 
result from adrenergic stimuli. Some yews 


Med., 1939, 64, 907. 


■e suggested^ that me pulmonary eucu.d 
lerimental hj'poglycemia might be due to 
.lease of epinephrine by the adrenal me- 
' If this were true, medullectomy of the 


adrenal in the rat, where this procedure is 
feasible, could affect the development of the 
ammonium edema. We tried to test this 
but were unable to produce this type of pul- 
monary edema in our rats (Slonaker Strain®). 
Groups of 6 rats each had lung weights of 
0.53 ± .06 g/IOO g body weight (controls), 
0.55 dt .07 g/100 g body weight (normals re- 
ceiving 0.4 cc 10^ NH4CI/IOO g body weight 
intraperitoneally) and 0.48 db .09 g/lW g 
body weight (demedullectomized rats receiv- 
ing the same dose of NH4GI), respectively. 
This was equivalent to the dose of ammonium 
salt used by the Koenigs to produce edema 
in their rats. Nor could we produce pulmon- 
ary edema in the rat with ammonium salts 
whatever the dose when given per os as well 
as intraperitoneally. This is additional evi- 
dence that mortality from ammonium salts is 
not necessarily a result of the pulmonary 
edema which they frequently cause, since our 
rats all died. The same thing was true in 
albino mice of an unknown strain. We also 
are in disagreement with the Koenigs as to 
the action of ammonium salts in the rabbit. 
They found no edema. We regularly found 
lung edema after the ad ministration of am- 

~35t!ieK.ay, L. L., and JtacKa.v, E. Jf., d. 
Phiisiol., 1927, 83, 179. 
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serum globulins in normal mice exposed to a 
single dose of X-rays.“ It Mi-as suggested that 
the influence of radiation on blood globulin 
levels in intact mice ivas chiefly a result of 
the direct involution of lymphoid tissue by 
large radiation doses. An augmentation of 
pituilarj'-adrenal cortical controlled lympho- 
cytolysis, nith accompanying blood globulin 
elevation, was also demonstrated to occur as 
a result of the response of the endocrine 
mechanism to the action of radiation as a 
non-specific stimulus. 

A review of the literature’* indicates that 
conflicting data have been obtained in efforts 
to establish definitely a relationship between 
pituitarj'-adrenal cortical secretion and serum 
protein levels. Simonnet^ injected adrenotro- 
phic hormone or adrenal cortical extracts into 
rats of both sexes and of varjung ages, and 
found a rise in total blood globulin occurring 
most consistently in the 2-month-old male rat. 
On the other hand, Li and Reinhardt'* were un- 
able to alter the electrophoretic serum protein 
pattern of normal or of hv'pophysectomized 
rats by giving single or chronic injections of 
adrenotrophic hormone. It may be noted that 
the data of these investigators show an ap- 
proximatelj" 100% difference in values for 
'/-globulin concentrations in 2 groups of con- 
trol rats. 

In rats and dogs exposed to physical and 
chemical stimuli which augment pituitarj-- 
adrenal cortical secretion, Chanutin and his 
associates”’® found rather uniformlj- an in- 
crease in the serum a-globulin fraction and the 
appearance of boundary anomalies in the /?- 
globulin component, .\rocha and De Venanzi” 
reported briefly that serum globulin increased 

“ Dougherty. T. F., :md AVhitc. A., Kndocrinol- 
ogy. 19-lG. 3<). 370. 

■* XVhite, A., .liiii. Rci-. Phi/siol., 1949, 11. 355. 

c Siraonnet, H., BmU. Acad. iird. (Puri-;). 1947, 
131,245. 

Li. C. IL, JUKI RoinUurdt, IV. O., .1. Chrin., 

, 1947. 107. 4S7. 

~ Cluinutin. A., .unit G jessing, K. .r. 7J;„L 
Chrm.. 1940, 10.5. 421. 

sG.iessing. E. C.. Liulowig, .nnd nmiuitin, A., 
liiol. Citcin,, 1047, 170. riol. 

:> Arocli.-i, H. 0.. .mnl De Vcnnnzi. Prnc. 
Inlrrn. rhfjsi.d. Congr.. 1949, XVll Gongress, 129. 


in normal dogs following intravenous injec- 
tions of epinephrine, and Mondolfo and De- 
Lerner*® confirmed the obsenmtions of Chase, 
White, and Dougherh'^^ that adrenal cortical 
e.xtract injections, accompanjdng antigen ad- 
ministration, resulted in a greater rate and 
degree of elevation of blood immune globulin. 
However, Eisen and co-workers-*- found iden- 
tical concentrations of serum antibodies and 
'/-globulin in adrenalectomized rats injected 
repeatedly during immunization -with adrenal 
cortical extract, and in operated animals not 
receiving hormone. 

Pituitary adrenotrophic hormone or adrenal 
cortical extract injections have failed generally 
to influence the level of serum globulin in 
human subjects. This has been the experience 
of Kelley and .Adams,*** Forsham and co-work- 
ers,*'* Alason and co-workers*”’ and Frieden 
and White,*'* following administration of 
adrenotrophic hormone or adrenal cortical ex- 
tracts. In addition, exposure of patients to 
X-radiation, nitrogen mustard therapy, or 
electric shock treatment was rather uniformly 
without influence on the electrophoretic pat- 
tern of the serum proteins, although in two 
instances significant rises were seen in the 
serum -/-globulin fraction after x-radiation.*** 

In view of the nature of the conflicting 
evidence in a variety of species, e.xperiments 
have been initiated to investigate systematic- 
ally the possible variables which may be in- 
volved in influencing the nature and extent 
of the response of the serum protein pattern 
to circumstances of augmented levels of cir- 

10 Mondolfo, H., and De Lerncr, S. J., Farma- 
Ircla. 1947, 2, 171. 

11 Chase, J. H.. Wliitc. A., and Douglicrtr, T. F., 
■T. Immannl., 1940, 52, 101. 

le Eisen. II. X., Mayer, M. M., Moore, D. H., 
Tarr, R. R., and Stoerk, II. C., Pnoc. Soc. Exp. 
Biol, .vxd Med., 1947, Co, 301. 

13 Kelley, V. C., and .\danis, .1. M., J. Prdiat., 
194S, 32, 2S2. 

11 Forsham, P. II., Tliorn, G. W., Prunty, F. T. 
(i., and Hills, A. G., J. Clin. Kndocrinologtf^ 194S, 
S. 15. 

1-' Jlasoii, It. L., Power, M. II., Rync.arson, E. II., 
Ciaranielli, L. C.. Li, C. H., and Evans, II. M., 
J. Clin. Kndiicrinolng;i, 194S, 8, 1. 

li Frieden, .1.. and White, A., nnpublislied re- 
sults. 
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um salts in guinea pigs and conclude that the 
carbohydrate disturbance is not directly re- 
lated to the mechanism of the pulmonary 
edema. 

Summary 1. The acute pulmonary edema 
■which follows tire administration of ammon- 
ium salts to guinea pigs may be entirely pre- 
vented by prior administration of the adren- 
ergic blocking agents, N-(9-fluorenyl)-N- 
eth}d-B-chIoroethyIamine-HCl (“SKF-SOI”) 
and N- ( 2-chloroethyl) -N-ethyl-benzhydryla- 
mine-HCl (“SY-2”): Less marked lung 
edema is produced in rabbits by ammonium 
chloride and it is also prevented by the block- 
ing agents. 

2. A potent antihistaminic agent, N-B- 
dimethylamino-propylthiodiphenylamine- HCl 
(“Phenergan-3277 R.P.”), ivas without effect 
on the incidence of ammonium pulmonary 
edema, which in this respect as well as the 
manner it is influenced by adrenergic block- 
ing agents, resembles epinephrine-induced 
pulmonary edema. 

3. A central nervous system depressant in 
the form of continuous ether anesthesia pre- 
vents the occurrence of ammonium pulmonary 
edema. Along with the effect of adrenergic 
blocking agents this is construed as evidence 

11 Jlorrison, J. L., and Farrar, C. H., PrOC. Soc. 
Exp. Biol, .^kd Med., 1949, 71, 235. 


for the mechanism of this edema being due 
to adrenergic stimuli of reflex or direct central 
stimulation origin. 

4. Ammonium salts cause a striking hyper- 
glycemia. Since adrenergic blocking agents of 
'the type used as well as tetraethylammonium 
which blocks epinephrine release by the adren- 
al medulla fail to prevent the hyperglj-cemia 
response it is believed that ammonium hj^per- 
glycemia is not directly related to the edema 
formation. 

5. Although pulmonar}' edema sometimes 
may be the cause of death from toxic doses of 
ammonium salts, this is not true in the 
Slonaker strain of rats or our strain of albino 
mice both of which fail to develop edema. Nor 
is this the cause of death in guinea pigs or 
rabbits when an adrenergic blocking agent is 
used 'to prevent the edema, as the animals 
succumb as a result of other effects of the 
ammonium ion. 

Addondum : When this manuscript was ready for 
submission to tlie Editors, an article by the 
Koenigs (Koenig, H., and Koenig, B., ■‘irn. J. 
Physiol., 1940, 158, 1) on t!io p.^thogenesis of 
ammonium pulmonary edema appeared. Insofar 
as our observations arc similar tho conclusions are 
1 ) 3 ^ 11101 . 

K^oived &Vpt. 30,^ 1949. ^2. 


Effect of Adrenal Cortical Extract and of X-Radiation on Serum Proteins 

of Aiice. (17456) 


John Milne* and Abraham White* 

From the Departmcnl aj Physiological Chemhtry, Yak Uitiversi'.y, Nesv Haven, Ca;i:i. 


It has been reported previously from^ this 
laboratory that chronic injections of pituitary 
adrenotfophic hormone in mice produced an 


^Besearch EoHow, Department of Internal 
Jledicine, Tate Eniveraity School of Mcdiemc, 
ifew Haven, 194G-47; present address, Depart- 
ment of Internal Sledioine, Ilitchcoch Clime, 


fTresenTaMress: School of Medicine. Univer- 
ty of California at Los Angeles, Los Angeles, 


C.alif. 


increase in the total serum proteins.* More- 
over, a single injection of adrenotrophin or of 
adrenal cortical steroids in oil in rabbits was 
observed to cause an elevation of circulating 
(}- and '/-globulins within a ipv hours after 
hormone administration." Electrophoretic 
analysis also revealed an increase in these 

1 White, A., and Dougherty, T. F., I’ttoc. Soc. 
Exp. Biol. aXD Mei>., 1944, 50, 2(1. 

awiiito. A., and Dougherty, I'. F., piidornnn!- 
**91h 304,1, 207. 
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serum globulins in normal mice exposed to a 
single dose of X-rays.^ It suggested that 
the influence of radiation on blood globulin 
levels in intact mice was chiefly a result of 
the direct involution of Ij’mphoid tissue bj’- 
large radiation doses. An augmentation of 
pituitaiy-adrenal cortical controlled h-mpho- 
cytolysis, with accompaniing blood globulin 
elevation, was also demonstrated to occur as 
a result of the response of the endocrine 
mechanism to the action of radiation as a 
non-specific stimulus. 

A review of the literature^ indicates that 
conflicting data have been obtained in efforts 
to establish definitely a relationship between 
pituitarj'-adrenal cortical secretion and serum 
protein levels. Simonnet-’' injected adrenotro- 
phic hormone or adrenal cortical extracts into 
rats of both se.xes and of varying ages, and 
found a rise in total blood globulin occurring 
most consistently in the 2-month-old male rat. 
On the other hand, Li and Reinhardt® were un- 
able to alter the electrophoretic serum protein 
pattern of normal or of hipophysectomized 
rats by giving single or chronic injections of 
adrenotrophic hormone. It may be noted that 
the data of these investigators show an ap- 
pro.ximately 100% difference in values for 
y-globulin concentrations in 2 groups of con- 
trol rats. 

In rats and dogs exposed to physical and 
chemical stimuli which augment pituitarx’- 
adrenal cortical secretion, Chanutin and his 
associates"-® found rather uniformly an in- 
crease in the serum ct-globulin fraction and the 
appearance of boundary anomalies in the fi- 
globulin component. Arocha and De \’enanzp 
reported briefly that serum globulin increased 

- Dougherty, T. F.. .ond White, A., Knijncrinnl- 
Of};). 1940, 8t>, 370. 

^ White, A., -Inii. r. Plinsinl., 1949, II, 35.5. 

0 Simoniiet, 11., Bull. Acad. Med. (P.-iris), 1947, 
131, C43. 

t I.i, H.. .oiul Roinhiirdt, W. O., .T. Biul. Chrm., 
. 1947. 1C7, 4S7. 

7 Caiiinutiii. A., and Gje.^sing, K. .T. Biol. 
Chnn.. 1940. 1C3. 421. 

OGJossing, E. O.. Ludewig, R., ,n,„i A.. 

J. Biol. Chem., 1947, I TO. ,"51. 

e Aroclin, H. G.. .nnd De Ven.-inzi, F.. Proc. 
Inl'cn. Plq/.Aol. Conor.. 1949, XVII Congre.'-,-, 32.9. 


in normal dogs following intravenous injec- 
tions of epinephrine, and hlondolfo and De- 
Lerner^® confirmed the obsen-ations of Chase, 
White, and Dougherty^^ that adrenal cortical 
extract injections, accompani-ing antigen ad- 
ministration, resulted in a greater rate and 
degree of elevation of blood immune globulin. 
However, Eisen and co-workers^- found iden- 
tical concentrations of serum antibodies and 
■y-globulin in adrenalectomized rats injected 
repeatedh' during inmiunization with adrenal 
cortical extract, and in operated animals not 
receiving hormone. 

Pituitary adrenotrophic hormone or adrenal 
cortical extract injections have failed generally 
to influence the level of serum globulin in 
human subjects. This has been the e.xperience 
of Kelley and Adams,^® Forsham and co-work- 
ers,*^ Mason and co-workers*^ and Frieden 
and White,*® following administration of 
adrenotrophic hormone or adrenal cortical ex- 
tracts. In addition, e.xposure of patients to 
X-radiation, nitrogen mustard therapy, or 
electric shock treatment was rather uniformly 
without influence on the electrophoretic pat- 
tern of the serum proteins, although in two 
instances significant rises were seen in the 
serum -y-globulin fraction after x-radiation.*® 

In view of the nature of the conflicting 
eiidence in a variety of species, experiments 
have been initiated to investigate systematic- 
ally the possible variables which may be in- 
volved in influencing the nature and extent 
of the response of the serum protein pattern 
to circumstances of augmented levels of cir- 

•9MoiidoIfo. H., and De Lerncr, S. J., Farma- 
Ircla. 1947, 2, 171. 

>1 Chase, J. 11., White. A., and Douglicrty, T. F., 
J. Immunol., 394G, 52, 101. 

12 Eisen. H. X., Mayer, M. M., Monre, D. H., 
Tarr, K. R., and Stoerh, II. C., Peoc. Soc. Exp. 
Biot. .4X» Mej)., 1947, Co, 301. 

12 Kelley, V. C., and Adams, J. JI., J, Pediat., 
I94S, 32, 2S2, 

n Forsliam. P. II., Thorn, G. W., Prunty, F. T. 
G.. and Hills, A. G., J. Clin. Endnerinoloau, 194S, 

8, 1.5, 

i-T Jla.son. II. L., Ponor, M. H., Ryncarson. E. H., 
Ciaranielli, L. C.. Ei. C. H., and Evans, H. M., 
.1. Clin. Endncrinology. 194S, 8. 1. 

19 Frieden, ,T., and Wliite. .4., nnpubli.siicd re- 
.snlts. 
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culating adrenal cortical steroid hormones. 
The present investigation- deals with the re- 
sponse in mice. The previously reported® 
electrophoretic experiments with serum ob- 
tained from mice exposed to X-radiation were 
conducted in phosphate buffer at pH 7.8. 
Under these circumstances, the separation of 
the y-globulin component from the salt boun- 
dary is unsatisfactory, and errors may arise 
in evaluating correctly the contribution of 
the y-globulin component to the total area in 
this region of the electrophoretic pattern. In- 
addition, when this phosphate buffer is em- 
ployed, a satisfactory separation of the a- 
globulin fraction into its two commonly recog- 
nized individual components is not obtained. 
Another possible source of error in electro- 
phoretic studies of sera results from the fact 
that the precise concentration of the /9-globu- 
lin component may be somewhat obscured by 
the presence of lipid in this protein fraction, 
resulting in an apparent, but not true, increase 
in /?-globulin concentration. This factor 
would seem to be of particular significance in 
circumstances of augmented pituitary-adrenal 
cortical secretion, particularly since the adren- 
al cortical steroids produce a mobilization of 
lipid to the liver. 

The present study has involved the electro- 
phoretic examination of the serum proteins of 
normal mice, and of mice bearing a trans- 
plantable lymphosarcoma, both prior to and 
following either the injection of adrenal corti- 
cal extract, or exposure to a single, relatively 
large dose of X-radiation. Under the experi- 
mental conditions emplo)'ed, no significant 
alterations were seen in the serum protein pat- 
terns as a consequence of exposure of the 
animals to either the hormonal or radiation 


reatment. 

Methods. Mice of both sexes of the CBA 
Strong) strain, 8 to 13 weeks of age, were 
;sed in all e.xperiments. The animals were 
naintained on a diet of Purina Fox Chow 
upplemented with calf meal; food and water 
fere available at all times. The tumor em- 
iloyed was obtained from Professor W. U. 
Gardner of the Department of Anatomy at 
7ale University. This tumor arose in an 
-strogen-treated mouse of the C3H strain and 
,as been transplanted for many successive 


generations, A transplant of the tumor takes 
in 100% of CBA mice. The transplanted 
tumor grows rapidly and kills the host in 
approximately 3 weeks. The tumor has been 
described in detaiP'^ and is composed of large 
cells which resemble reticular cells. Tumor 
transplants were made by implanting small 
pieces of the tumor subcutaneously. Since the 
mice with this tumor transplant live generally 
a maximum of three weeks, the tumor-bearing 
animals were used 2 weeks after the trans- 
plant had been made, at a time when a 
clearly palpable tumor was present. 

Two preparations of adrenal cortical extract 
were used, one an aqueous adrenal cortical' 
extract (Wilson) and the other a preparation 
of adrenal cortical steroids in oil (Upjohn). 
The animals subjected to X-rays received to- 
tal body radiation. This was accomplished by 
placing 4 to 6 mice in a light cardboard box, 
which because of its shallowness prevented the 
mice from shielding one another. Radiation 
of all animals was delivered at the rate of 43 
r per minute by using the following conditions: 
125 Kv., 5 ma.; 30 cm skin target distance; 

3 mm aluminum filter.} 

In order to obtain blood samples, each 
mouse w'as pithed, and the heart e.xposed and 
blood obtained by direct heart puncture, using 
a finely drawn glass pipette. Blood was pooled 
from groups of animals varying in number 
from IS to 32, in order to obtain adequate 
serum for each electrophoretic experiment. The 
total senim protein and non-protein nitrogen 
contents of the pooled serum were deter- 
mined by the micro-Kjeldahl technic. The 
serum was then diluted with 3 parts of 0.1 M 
sodium barbital buffer, pH 8.6, and diah'zed 
against the -buffer for 2 or 3 days in tlie ice 
box. Electrophoretic runs were conducted in 
the Tiselius apparatus at 2°C for a period of 
approximately 3 to 4 hours, at which time 
satisfactory separation of the individual serum 
protein components had occurred. The con- 
centrations of the various protein fractions ^ 
were estimated from the descending diagrams 

17 G-irdncr, W. U., Dougherty, T. F., and Wil- 
linius, W. L., Cancer J!esearcli, 19-14, -t, '3- 
-{ Grateful .ackno-wledgcnieut is made to Dr. H. 

S. K.apliin for assistance in radi.ation of the 
animals. 
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of the electrophoretic patterns. 

Results and discussion. Table I presents 
the results of the various anah-ses under the 
e.xperimental conditions indicated in the table. 
It will be seen from the data that a single 
injection of adrenal cortical extract, or the 
exposure of mice to 200 r produced an increase 
in the total serum protein concentration, as 
compared to appropriate controls, in all ex- 
periments except that designated as No. 9. 
This increase is in agreement with pre%aoush’’ 
published data.^ However, it will also be 
seen from the table that no significant altera- 
tion occurred in the percentage distribution 
of the various serum protein components as 
determined electrophoreticall\^ The slight 
alterations which were evident in several of 
the e-xperiments, c.g.. No. 7, occurred in the 
)8-globulin fraction. In view of the influence 
of altered lipid concentrations on the value 
for this protein component, it is unlikely that 
this increase is indicative of an elevated con- 
centration of ;8-globulin. 

It is unknomi at the present time whether 
the relatively low initial level of total serum 
proteins in the control animals was a factor 
in determining possible responsiveness to the 
experimental conditions employed. In all ex- 
perimental groups, there was a striking eleva- 
tion in total serum proteins. It is possible 
that in a relatively protein-depleted animal, 
there is a generalized stimulus to protein pro- 
duction following hormone administration or 
e.xposure to X-radiation. However, in the 
experimental animals, there was no significant 
alteration in the relative distribution of the 
individual serum components. 

The precise relation of pituitary-adrenal 
cortical secretion to the normal pattern of 
serum proteins would appear to wait further 
investigation. The conflicting data in the 
literature, taken together with the present e.x- 
periments, suggest that variables e.xist which 
remain for further careful evaluation. These 
comments relate not only to the pattern of 
normal serum globulins, but also to immune 
globulins, about which there also have ap- 
peared conflicting data. 

It may be pointed out that serum protein 
levels alone do not provide a complete eralua- 
tion of the possible relation of endocrine secre- 



. 428 


CiNCHOPHEN ChOLERESIS AND PepTIC UlCER 


tions to blood protein production and utiliza- 
tion. Thus, it has been demonstrated recent- 
ly'^ that although the antibody level in the 
blood of immunized, normal and adrenalecto- 
mized rats may be at similar levels, the tissues 
of the adrenalectomized rats are producing 
antibody at a rate which is distinctly less than 
that of the unoperated animals. This sug- 
gests that the adrenalectomized animals are 
also removing antibody from the circulation 
at a rate which is less than normal. Thus, al- 
though the blood titer is similar in the two 
groups of animals, the presence of the adrenal 
does appear to influence the rate at which the 
antibody globulin enters and leaves the circu- 
lation. It may also be of significance that 
Mondolfo and DeLerner^® reported recently 

IS Roberts, S., and White, A., uupubUslied rc- 
snltc. 


that whereas relatively small doses of adrenal 
cortical e.vtract may augment the rate of anti- 
body production, significantly larger amounts 
of the same extract produced a suppression of 
antibody production as compared to the rate 
seen in animals receiving antigen alone. 

Summary. Normal mice, or mice bearing a 
transplantable lymphosarcoma, were given 
single injections of adrenal cortical extract or 
exposed to a single radiation dose of 200 r 
(total body radiation). E.xamination of the 
serum protein patterns of these mice at 3 and 
at 6 hours after hormone injection, or at 6 
hours after ex-posure to X-rays, revealed a 
striking increase in total serum protein levels. 
However, electrophoretic e.xamination did not 
reveal significant alterations in the relative dis- 
tribution of the serum proteins. 

Received October 17, 1949. P.S.E.B.M., 1949. 712. 


Cinchophen Choleresis and Production of Peptic Ulcer in Various Species. 

(17457) 


D. F. Magee, K. S. Kim, and A. C. Ivy 

From the Department of Clinical Science, University of Illinois, College of Medicine, Chicago. 


Brugsch and Horsters^ were the first to 
show that cinchophen, in both dogs and man 
caused an increase in the bile flow. Stransky- 
carried this study to rabbits and was unable 
to detect any choleretic effect of cinchophen 
in this species. Berman and Ivy® confirmed 
this finding and found in addition that the 
e.xcretion of cinchophen in the bile of rabbits 
was very small. 

Churchill and Van Wagoner-' demonstrated 
that dogs receiving 20 to 30 times the human 
dose of cinchophen developed gastric or duo- 
denal ulcers. This finding^ has since been 
confirmed very many times. " Shoji found 
that rabbits wre very resistant to the ulcero- 


1 Brugsch, W., .ind Horsters, H., ffcs. Eip. 
Meet., 1923, 38, 367. 

eStrausky, E„ Biochem. 1925, 155 250_ 
a Bermau, A. L., and Bw. J. H., Pkoc. Soc. E.xp. 
Bion. AX-n 1940, 43, So3. 

4Churchin, T. P., ’ 

Pkoc. Soc. Exp. Biol. .4ND Jf!®., 1931, -8, oSl. 


genic action of this drug. Okada® likewise 
failed to produce cinchophen ulcers in either 
rabbits or guinea pigs. Schwarz and Sim- 
monds'® were unable to induce cinchophen 
gastric, or duodenal ulceration in rabbits or 
guinea pigs, but found cats very susceptible. 
The ability of cinchophen to cause liver dam- 
age in rats" has been noticed but there has 
been no report of its effect upon the gastro- 
intestinal tract. 

0 StJiIker, L. K., Bollnian, .T. L., and Mann, P. C., 
Arch. St<rg., 1937, 34, 1172. 

nBolIman, .T. L.. and Jt.mn, F. C., Proc. Staff 
Maxju Chnic, 1935, 10, 080. 

r N.tsio, .1., pcv. Gaslrorntcrol.. 1940, 13, 103. 

sSiio,ji, A., Tiriiis. Soc. Path. .Jap.. 19.33, 3.3, 
520. 

aOkada. S., Tmn.s. Soc. Path, .lop., 1933, 3.% 
522. 

1« Soimarz, S. O., and .Siniinond.s, J. P., Fnoc. 
Soc. Exp. Btoi-. A.vn Meb-, 1935, .33, 1133. 

11 Barbour, H. G., and Fisk, JI. E., .7. Phnrm. 
and Exp. Therap,, 1933, 48, 341. 
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TABLE I. 

Effect of Cinclioplien Epon Bile Output in' Various Animals and Its Ewretion in the Bile. 


Xo. of 
animals 

.Species 

Avg 
" t, g 

Cinclioplien 

administered, 

mg/kg 

Control, 
ml in 

30 min. 

Control, 
mlAg l>r 

1st 30 min. 
after 

cinclioplien 

Increase, 

% 

of eineboplien 
in bile in 
1st 2 hr 

4 

Rabbits 

2,400 

100 

4.0 

3.74 

4.25 

0 

1.75 

13 

R.afs 

241 

100 

0.266 

o o 

0,239 

0 

5.1 

14 

Guinea 

569 

100 

2.2 

7.2 

3.0 

3G.3* 

27.7 


pigs 








11 

Cats 

2.850 

100 

0.77 

0.54 

0.95 

23 

2.1S 


This figure onlj is sfatistieaily significant (P = <0.01). 


E.vcept in the case of the rabbit and dog, 
it has not previousl}' been shown whether or 
not any relationship e.yists between the suscep- 
tibility of an animal to cinchophen peptic 
ulcer and the animal’s choleretic response to 
this drug. 

Methods. Two series of e.vperiments were 
conducted, acute e.\periments to determine 
the effect of cinchophen upon the bile flow and 
chronic feeding e.xperiments to determine the 
susceptibility of the various animals to cin- 
chophen ulceration. 

Acute experiments. Cats, rabbits, guinea 
pigs and rats were used in this study. Dogs 
were not used as they have been adequately 
studied by others.^^a 'pjjg animals having 
been fasted for the preceding 12 hours were 
anesthetized with “Nembutal”. The gallblad- 
der, where present, was tied off and the 
common duct cannulated using plastic tub- 
ing. In rats, a glass cannula of near-capillarj^ 
dimensions attached by rubber tubing to a 
horizontal graduated 1 ml pipette was used. 
In the other species the bile was collected in 
10 ml graduated cylinders. The volume was 
measured half-hourly. .After a steady control 
output had been reached, cinchophen dis- 
X 

solved in — NaOH was administered intra- 
10 

venously. In those animals failing to respond, 
the readability was tested wth sodium de- 
hydrocholate (“Decholin”). .Animals failing 

Br.Tdli'V, W , H., .Tiid Ivy, Peor. Soc. 

Exe. Bioi.. AKi> Mrji., I!i40, 4.j, 143. 


to give a response to sodium dehydrocholate 
were discarded. 

Chronic Feeding Experiments. In these 
studies the same four species were used with 
the addition of dogs. The latter were used 
to determine the ulcerogenic potency of the 
cinchophen. The drug was administered to 
cats, dogs, guinea pigs and rabbits daily in 
gelatin capsules. It was in addition adminis- 
tered subcutaneously to another series as an 
aqueous solution of the sodium salt to guinea 
pigs, rabbits and rats. To still another series 
of rabbits and rats a suspension of the free 
acid in tragacanth was administered by stom- 
ach tube. In these species this mode of ad- 
ministration was found more convenient than 
gelatin capsules. .As it was obsen^ed that 
the animals most susceptible to cinchophen 
ulcer were carnivora, a series of rabbits, rats 
and guinea pigs was fed the same proprietary" 
meat dog food as were the dogs and cats. In all 
cases control animals were fed the same diet 
without cinchophen as the test animals. 

It is now well knorni that choleresis results 
from the administration of cinchophen both 

TABLE n. 

Apparent l^clationship Between Cineliophen Excre- 
tion in Cats* Bile and Choleresis Induced by 
Cinchophen. 

% cinchophen recovery increase 

Cat. no. in bile in 1st 2 hr. in bile flow 

1 0.13 0 

- 1.13 0 

3 1.7 1G.75 

•1 2.." 3 no 

D.G5 117.5 
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TABLE III. 


Incidence of Ulceration in Various Animals B<;sultiiig from Cinclioplieii Feeding. 


Ko. of 
animals 


Doso range, 
mg/kg 


Survival time, 
days 

No. of animals 
showing 

Species 

Diet 

Ulcers 

Erosions 

21 

Babbits 

100-600 

Normal 

12-32 

0 

0 

11 

> J 

100-200 

Meat 

12 

0 

O 

20 

Guinea 

100-230 

Normal 

16,5 

1 

0 

10 

pigs 

300 

} > 

7.1 

G 

0 

0 

) > 

400 

t J 

5 

1 

0 

24 

Hats 

100-400 

Meat and 
normal 

S 42-56 

0 

0 

11* 

) ) 

500 and 1500 

Normal 

S15 

O 

'5 

12 

J ) 

600-700 

11 

S 10 

10 

1 

6 

Cats 

100 

11 

9 

3 

1 

4 

J ) 

200 

1 1 

6 

3 

0 

1 

Dogs 

100 

If 

S02 

0 

0 

6 

> > 

200 

f ) 

14 

6 

0 


* These animals ■were fed 500 mg/kg for 13 days and given 1,500 mg/kg on tlie 14tli, and 
killed on the 15th. 

S = Sacrificed. 


by vein and orally to acute and chronic biliary 
fistula dogs.^- 

Reinlts. It ivill be seen from Table I that 
guinea pigs show 'both the greatest choleretic 
response to cinchophen and also the greatest 
secretion of cinchophen in the bile. Rats and 
rabbits show no choleretic response. The rats, 
however, secreted appreciable quantities of 
cinchophen in the bile whereas the rabbits as 
was previously shown by Berman and Ivy® 
did not. Our results in cats were not clear 
cut. The average figures show a slight in'- 
crease, but this was not statistically significant, 
many of the animals failed to respond to 
sodium dehydrocholate and were therefore 
not included ill the results. It will be seen 
from Table II that the cinchophen output in 
the cats’ bile shows individual variation, but 
nevertheless the magnitude of the choleretic 
effect appears to varj^ directly as the cincho- 


phen output. 

It was found (Table III) that among the 
species studied rabbits alone failed to develop 
cinchophen ulcers. Two gastric erosions oc- 
curred amongst the meat fed animals, but ^ 
these appeared wth equal frequency m the 
controls fed meat tvithout cinchophen the 
Lusative factor was thought to be the pres- 
ence of fragments of bone m the meat. 


The only ulceration seen in rats occurred 
in a series fed SOO mgAg cinchophen daily for 
13 days. On the I4th day, 1,500 mgAS 
administered. Two ulcers and a number of 
erosions (Table III) were observed at autopsy 
on the ISth day, and in another series in 
which 10 of one dozen rats, fed 600-700 mg/ 
kg developed ulcers nithin 10 days (Fig. !)• 
The stomachs of all were full of food thus 
excluding starvation as a possible cause of 
the gastric lesions. All the ulcers seen oc- 
curred in the glandular part of the stomach. 
The meat diet seemed to be without effect. 

Ulcers occurred in guinea pigs more fre- 
quently than in rats, but still 'with less fre- 
quency than in cats or dogs. They occurred 
only when doses in the neighborhood of 300 
mgAo were given daily. Above and below 
this dose level cinchophen killed the animals 
but ulcers were not seen. Afeat feeding to 
guinea pigs over long periods of time was 
found impossible as the animals would starve 
rather than eat the diet. In our earlier inves- 
tigation,” doses of 200 mgAs -were used 
and ulcers were not produced. A group of 
control animals fasted for one week without 
being given cinchophen developed the diarac- 

isjlagce, D. F., Kim, K. S., .and 
Fed. Froc., 1949 , », 103 . 
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Fig. 1. 

Ulcers produced in tlie nit^s stoniacli by feeding 
COO nig/kg cinclioplicn for 10 days. 




-d 

a 

FI 



Fig. 2. 

Typical gastric ulceration resulting from feed- 
ing 300 mg/kg cinclioplien to guinea pigs. 


teristic mottled yellow liver, seen in all animals 
except dogs, but no ulcers appeared. This 
excludes the possibility that cinchophen pro- 
duced ulceration is secondary to loss of ap- 
petite and subsequent starx-ation. 

The ulcers seen in guinea pigs were quite 
unlike those seen in other animals. They 
were almost always multiple and were con- 
fined almost e.xclusively to the fundic part 
of the stomach (Fig. 2) whereas in cats and 
dogs, in both of which ulcers occurred easily, 
they were pyloric, usually single, occasionally 


3 or 4 were obsert’ed in cats. In guinea pigs 
there were seldom less than 20. 

Similar ulcers were produced in guinea pigs 
using sodium dehx’drocholate in doses of 200 
mgAg/day orally or subcutaneously often 
within 24 hours. Sellards^'* and Tsuruta^® 
have produced this characteristic guinea pig 
type of ulceration with sodium gtycocholate 
and the sodium salts of conjugated cholic acids 
obtained from ox bile. 

Discussion. It appears, at least superficially, 
that cinchophen ulceration can be produced 
most easily in those species which show a 
choleresis, but the choleretic response in cats 
to cinchophen is so small and x-ariable as to 
be statistically insignificant, and moreover it 
is not certain that the ulcers in the guinea pig 
are of the same origin as those occurring in 
cats and dogs. Sodium dehydrocholate ad- 
ministered to guinea pigs will produce ulcers 
almost identical in site and appearance with 
those resulting from cinchophen. This has 
not been seen in the other animals. The 
ulcers produced in rats were in response to 
such enormous doses of cinchophen that a di- 
rect effect upon the mucosa cannot be ex- 
cluded. 

No correlation appears to exist between' the 
cinchophen output in the bile and the species 
susceptibility to cinchophen ulceration. Rats 
and especially guinea pigs secrete very' much 
more cinchophen in their bile than do cats and 
yet cats were the most ulcer susceptible ani- 
mals studied. 

The only factor which is common to all 
ulcer resisting species is that they have a high 
control output of bile. However, the most 
susceptible of the resisting species, the guinea 
pig, has the highest basal bile flow (Table I). * 
Cats and dogs, both of which secrete approxi- 
matey 0.5 ml per kg/hr are very' susceptible. 

It is well known that dogs totally deprived of 
bile often develop spontaneous ulcers. A 
possibility which must be considered is that 
cinchophen has a different metabolic pathway 
in the more resistant group of animals from 
that in the less resistant species. 

» SSi'lhrds, .A. W., Arch. Int. Sled.. IPOO, I, .'i02. 

T.surut.'i, T., Cincinnati ihcil. IStiii., 1931, O 

110 . 
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Summary and conclusions. A choleretic re- 
sponse to cinchophen was observed in guinea 
pigs. 

The cinchophen output in the bile was 
found to be greatest in guinea pigs and to 
decrease in the following order: rats, cats and 
rabbits. 

The- following is the order found for suscep- 
tibility to cinchophen ulceration: cat, dog, 
guinea pig and rat. Rabbits were found com- 
pletely resistant. 


There appears to be no obvious relationship 
between the species susceptibility to cincho- 
phen ulceration and the choleretic response of 
that species to cinchophen or to the concentra- 
tion of cinchophen in the bile after intravenous 
administration. 

It would appear that the ulcer susceptible 
animals investigated have a low basal bile 
flow whilst the unsusceptible have a high flow. 

deceived October 4, 19-19. P.S.E.B.M., 1919, 72. 


Focal Neurological Lesions Produced by Microwave Irradiation. (17458) 

W. H. Oldendorf (Introduced by George A. Jervis) 

From the Binghamton Slate Hospital, Binghamton, A'. Y. 


Prewar and wartime research allowed the 
development of electronic equipment capable 
of efficiently producing large quantities of 
radiation above 1000 megacycles (micro- 
waves). Notable among these advances was 
the development of the magnetron tube which 
is used in radar equipment^ and has been in- 
corporated recently in a microwave diathermy 
machine.* The frequency at which this 
machine operates (2450 megacycles, 12.2 cm) 
allows good penetration of animal tissue and 
even of bone, as demonstrated by Osborne and 
Fredericks- and Krusen, Herrick and Wakim.® 
These findings and the fact that radiation at 
this frequency travels in substantially straight 
lines suggests that the application of to.vic 
doses of this radiation to a small area of the 
cerebral corte.v is possible without injury to 
the scalp and skull. 

However, a review of the literature reveals 
no report of the utilization of microwave radi- 

1 Argento, II. F., Ccntimetcr-w.avc Jfagnetrons. 
QST, Dec. 1943. 

»Avrii!aI)lc .as the “ Jlierotlierm” from flic 
Bavtheon JKg. Co., W.altliam, Alass., wlio cour- 
teously suppliecl the machine with which this work 
w.as done. 

2 Osborne, Stafford h., and Frederick, Jesse N., 

1948. , . 

.Uvrusen, F. H., Herrick, J. F., .and W.'.kmi, 
K. G., Frnc. Staff Heel. Ha>/o Clin., 1947, 22, 209. 


ation for the artificial production of focal neu- 
rological lesions. Hhth the technic to be de- 
scribed focal lesions were produced in rabbit 
brains without surgical procedure. The site of 
the cortical lesion, moreover, was accurately 
determined before the irradiation. 

Method. Adult rabbits weighing about 3 
kg were utilized. Under intravenous penfo- 
thal anesthesia sufficient to immobilize the 
animal (SO- 1 00 mg) the aniraal’s head was 
placed on a wooden block approximately 7 cm 
in thickness. The area of the scalp over the 
proposed site of irradiation was shaved, h 
thin copper shield with an oval hole 2 x 3 cm 
was then placed with the long axis of tlie 
hole parallel to the rabbit and over the pro- 
posed site, in the present cases the right 
cerebral hemisphere. It was found conven- 
ient to braze a guide on the upper surface of 
the shield to maintain the intersection of the 
lead-in conductor and dipole directly over 
the hole in the shield. In the ‘‘C” type of 
director, which was used throughout, the point 
of maximum radiation was directly underneath 
the small screw which held the dipole in place. 

The plastic protector of the radiating ele- 
ments was then placed in contact with die 
shield and the shield in contact with the scalp 
over the proposed site. It was found con- 
venient to mark the site lightly with a dot 
of colored crayon before putting the shield 



Focal Neurological Lesions by Microwave Irradiation 


433 



Fig. 1. 

Circumscribed area of coagulation necrosis in the cerebral cortex of the rabbit. Xissl s 
stain. Verj" low power. 


in place. The shield interferes considerably 
with the efficiency of the radiator but some 
shielding is necessarj- lest the ears be serious- 
ly burned, since they protrude directly beside 
the dipole. Prior to irradiation, 30 cc of 5% 
glucose in water and 100 mg caffeine sodium 
benzoate were injected intraperitoneally. With 
the output at 100% the machine was turned 
on for 3 minutes. 

No quantitative temperature readings were 
taken. They were considered to be grossly in- 
accurate and misleading since the area of in- 
creased temperature within the intracranial 
cavity was so small. 

Results. Seventeen rabbits were used but 
only 2 representative experiments will be de- 
scribed. 

Rabbit IS: The animal received irradia- 
tion exactly as described above under 
“Method." He responded in 30 minutes after 
irradiation but refused to eat for three days. 
During this time he received 100 cc 5% 
glucose in water intraperitoneally daily. Fol- 
lowing this he gradually rallied and took food 
spontaneously. .-\t no time was an asymmetri- 
cal motor defect noted. Fifteen davs after ir- 


radiation the animal was living and well and 
showed only a crusting lesion of the scalp over 
the irradiated area. The animal was sacri- 
ficed on the 15th day by intracardiac ethyl 
alcohol. The brain grossl}' showed a yellow- 
green coagulation lesion 0.7x1 cm on the 
superior surface of the posterior portion of 
the right cerebral hemisphere. The dura was 
grossly intact and was not adherent to any 
area of the cortex. Histological!}’, as seen 
in Fig. 1 , there was a small lesion which ap- 
peared sharply circumscribed. It involved 
the cortical gray matter in its entire width and 
extended somewhat into the subcortical white 
matter. The whole lesion contained no intact 
nerve cells or glia and was delimited by a wall 
of intensely proliferating glia cells. 

Rabbit 16: This animal received irradia- 
tion according to the above technic but with 
elimination of the shield, intraperitoneal fluid 
and caffeine. The animal did not respond and 
expired three hours later despite post-irradia- 
tion parenteral fluids. Sections of the brain 
showed a large sloughed area with a slight 
polymorphonuclear infiltration in the sur- 
rounding surviving tissue. 
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Comment. It appears from the experiments 
reported that by means of microwave irradia- 
tions a focal lesion can be produced in the 
cerebral cortex of the rabbit ivithout incising 
the scalp or opening the skull. The only in- 
jury to the scalp was a crusting lesion without 
bleb formation. 

A possible explanation of the extremely 
small size of the lesion is that the plastic pro- 
tector in contact with a small area of the 
scalp has dielectric properties w’hich alloxv 
much more efficient entrance of the radiation 
into tissue in the area in contact, than is 
■possible from air to tissue. 

The histological lesions produced by this 
type of irradiation into the cerebral cortex 
are similar to those described in detail by 
Silver and Walker* in experiments of thermo- 
coagulation of the cerebral cortex by the 
direct application of a heated piece of metal, 
except that microwave destruction apparently 
penetrates more deeply within the tissue. 

Since microwave diathermy heating is 
dielectric heating, it is presumed to be non- 
ionizing and any toxic effects would be those 
of excessive heating. In fact, no significant 
hematopoietic effects were observed in the 
work of Lidman and Cohen," Fallis® and 
Daily' upon exposure to intensities of radia- 

I Silver, 51. L., Walker, A. B., /. Nevropath. 
JCxp. Keur., 1947, 10, 311. 

5 Lidiiinii, B. I., and Cohen, C., Air Siirg. Svll., 
1943, 2, 448, 

op.allis, B. H., Jr., Am. J. Phpsioi., 1946, 147, 
281. 


lion likely to be e.xperienced in practical radar 
work. It should be noted,. however, that Imig, 
Thomson, and Hines** indicate that testicular 
degeneration may occur from microwave heat- 
ing at a lower temperature than from infra-red 
heating, and Richardson, Duane, and Hines® 
showed that upon intentional overdosage, 
lenticular opacities appeared at about 50°C. 

Further work is now in progress using a 
special butyl rubber impregnated with a ti- 
tanium compound which allows an intermedi- 
ate dielectric constant without excessive ab- 
sorption of the radiation by the rubber. With 
this technic it is hoped to allow penetration in 
an area of any shape and, because of the 
greater efficiency of transfer into the tissue, 
in a larger area. A modification of this tech- 
nic may eventually allow the easy destruction 
of cortical tissue -without any surgical pro- 
cedure both in experimental neurology and 
in therapeutics. 

Summary. A technic is described of pro- 
ducing focal lesions in the cerebral cortex of 
rabbits by microwave irradiation without in- 
cising the scalp or skull. The results on two 
animals are reported and future possibilities 
of this work are discussed. 


iDail.v, L. E., V. S. Kaval Med Hull., 1943, 
41, 1052. 

a liiiig, C. .1,, Tliomson, .1. D., and Hines, II. 51., 
Proc. Soc. Ext. Bion. and Med., 1948, 09, 383. 

» Bieliardson, A. W., Buanc, T. D., .and Hines, 
H. 51., .7. Xniropnih. lixp. Xciir., 1947, 10, 311. 

Beceived October 18, 1949. P.S.E.B.5I., 1949, 72. 


Ultrafiltration and Ultracentrifugation Studies of Coxsackie Virus. (17459) 


James J. Quigley (Introduced by Gilbert Dalldorf) 

From the Division oj Laboratories and Research, New York State Department of Health, Albany. 


The physical properties of the Coxsackie 
group of viruses*-^ have be en under investiga- 

1 Dalldorf, Gilbert, and Sickles, G. 5L, Science, 
1948, 108, 61. 

2 Dalldorf, Gilbert, Sickles, G. 51., Phager, Hilde- 
gard. and Gifford, Eebccca, ,7. Exp. Med., 1949, 

89, 507. 


tion since their isolation, and preliminarj' 
studies indicated that the original strain is 
very small. The present report is a summar5' 

3 Gifford, Bcbccca, and Dalldorf, Gilbert, Pnoc. 
Soc. Ext. Biod. and 5Ied., 1949, 71, 589. 

7 Sickles, G. 51., and D.alldorf, Gilbert, Proc. 
Soc. Exp. Biod. .^nd 5rED., 1949, 72, 30. 
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of the observations based on filtration through 
gradocol membranes prepared according to 
Elford's technic and on sedimentation in the 
ultracentrifuge. The methods of Bauer and 
Hughes’ were used in the filtration experi- 
ments, the membranes being sterilized by 
ultraviolet light. The ultracentrifuge is of 
the Beams-Pickels tj-pe with a rotor of 6-inch 
diameter. The original strain, T.T., of Cox- 
sackie virus, serologic tj’pe 1,^ was emploj-ed 
in the present work. The legs of infected im- 
mature mice and hamsters and the brains of 
immature mice have served as sources of the 
virus. The titer of virus in the extremities is 
markedly higher than that in the central ner- 
vous system.® For comparison, similar studies 
were made wth brain suspensions of mice 
infected with hIM virus. 

Size oj Coxsackie Virus. Ten-percent sus- 
pensions of the legs of immature hamsters in- 
fected with Coxsackie virus and 10% suspen- 
sions of MM-infected-mouse brains were pre- 
pared in 0.85% salt solution containing 10% 
infusion broth at pH 7.4, After clarification 
by centrifugation in a Sorvall angle centrifuge 
at 8,000 r.o.m. (about 6000 g) for 30 min- 
utes and filtration through a Seitz E-K pad, 
the suspensions were ultrafiltered on 39 m/x, 
33 m/t, and IS m/x. gradocol membranes. The 
Co.xsackie virus suspension, initially having 
an infectivity titer of approximately 10"®, 
passed all 3 membranes. Similar results were 
secured with other Co.xsackie virus suspensions 
prepared from mouse skeletal tissues and 
brains. Application of Elford’s correction 
factor would indicate that the particle size is 
10 m^ or less. 

MM virus suspensions similarly tested 
and treated passed the 39 m;i and 33 m^ 
membranes and were completely retained 
b\ the 22 m/i and 18 m;) membranes. 
The size of the ^IM virus estimated from 
these results would lie between 11 and 16 m/x. 


which agrees -svith results reported by other 
workers*’’" and indicates that the membranes 
were satisfactorj’. 

Purification. Suspensions of both xnruses 
have been subjected to ultracentrifugation. 
It has been reported by hlelnick, Shaw, and 
Cumen® that the Co.xsackie virus could be 
largely precipitated after spinning at 31,200 
r.p.m. (about 110,000 g) for one hour. In our 
e.xperience with Co.xsackie and MAI viruses, 
much, but not all, of the virus appears in the 
clear brown pellets. Both viruses have also 
been purified by the use of methanol according 
to the method of Pollard.® We have used 60% 
methanol as a precipitating agent and a final 
concentration of 25%. A 0.2 M phosphate 
buffer at pH 8.0 was used for elution. Satis- 
factory results were obtained with either virus 
present as a suspension of infected mouse 
brain. The recoverj' of Coxsackie virus from 
infected immature mouse legs was less satis- 
factory, perhaps because of the fat present in 
these suspensions. It is noteworthy that El- 
ford’s'® results indicate that the virus of New- 
castle disease is not readily recovered with 
20% ethanol at 0°C. 

Summary. The original strain of Coxsackie 
mrus, serologic tjpe 1, has been measured us- 
ing Elford’s ultrafiltration technic. Ultracen- 
trifugation furnished a rough check. The 
virus is very small, the estimated size being 
10 m/x or slightly less. 

cjungcblut, C. IV., :iiul D.nlldorf. Gilbert. Am. 
J. Pub. Bcallh, 1943, 33, 169. 

1 Gollan, Frank. Pp.oc, Soc. Exp. Biol, .xxd 
Med., 1948, 07, 364. 

s Mclnick, J. L., Slinxv. E. W., and Curnon, E. 
W., Proc. Soc. Exp. Biol, .^xd Med., 1949, 71, 
344. 

Pollard, Morris, Connollv, Joan, and Fromm, 
.Stanler, Peoc. Soc. Exp. Biol. .xxd Med., 1949, 
71, 290. 

JOElford, IV. J., Clm, C. M., Dawson, I. lit., 
Dudgeon, J. A., Fulton, F,, and .Smiles, ,T., Prituib 
J. Exp. Path., 1948, 29, 590. 


I' Bauer, .1. II.. and Iliigbcs, T. P., J. Gen. 
Php.ciol, 1934, 18, 143. 
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Effects of Administration of Testosterone on Vitamin A-Deficient Rats. 

( 17460 ) 

Jean Mayer and Aldo P. Truant (Introduced by P. K. Smith) 

From the Department of Pharmacology, The George Washington University School of Medicine, 

Washington, D. C. 


It has been shown by Mason^ in particular 
that the effect of \dtamin A deficiency on the 
male rat amounts to a virtual castration. This 
phenomenon can lead to two main hypotheses. 
One, vitamin A deficiency may interfere either 
with the synthesis of testosterone, directly 
(chemically) or indirectly {c.g. secondary 
effect due to pituitary atrophy in deficient 
animals). The second probability is that the 
response of target organs to circulating male 
sex hormones is affected. To elucidate this 
point, it was decided to examine and compare 
the effect of testosterone administration on 
castrated and non-castrated vitamin A de- 
ficient male rats and their controls. 

Method. The animals used were male 
Wistar albino weanlings, 23 days of age. Their 
average weight was 55 g. Castrated animals 
had 'been operated at the age of 2 1 days and 
subsequent autopsies showed that all opera- 
tions had been successful. Prior to the 
weaning of the experimental animals, their 
mothers had been put on a vitamin .A-poor, 
“depletion” diet. The animals were kept at 
room temperature (about 70° F) and were 
alternately 12 hours in darkness and 12 hours 
in artificial light. They were fed water and 
food ad libUwn. The diet used was the U.S.P. 
XII diet for vitamin A assay (casein 18%, 
salt mixture 4%, yeast 8%, starch 65% and 
vegetable oil 5%) to which was added 100 mg 
per kg of n-tocopherol. With a yeast-contain- 
ing diet and a slow growing strain of animals, 
secondary vitamin C deficiency does not de- 
velop as a complicating factor.^'" Control ani- 
mals received orally 1200 I.U. vitamin A 
every 8 days.* 

The animals receiving testosterone were in- 
jected every day subcutaneously with 2 mg 

1 Mason, K. E., Am. J. Anat., 1S33, 33, 1D3. 

a Mayer, X, and Krel.l, M., Arch. Siochem., 

1949, in press. 

a Mayor, J., Pcv. Can. Diol, m9, in press. 


of testosterone propionate (“Perandren”) dis- 
solved in 0.04 cc of sesame oil.l Other animals 
received a control daily injection of 0.04 cc 
of pure sesame oil. Thirty-one animals were 
used. They were divided into the following 
8 groups; 

a) 6 non-castrates, vit. .A deficient 

b) 6 non-castrates, vit. A deficient receiv- 
ing testosterone 

c) 3 non-castrates receiving vit. .A 

d) 3 non-castrates receiving vit. A and 
testosterone 

e) 4 castrates, vit. .A deficient 

f) 4 castrates, vit. A deficient receiving 
testosterone 

g) 3 castrates, receiving vit. .A 

h) 2 non-castrates receiving vit. A and 
testosterone 

.All animals were weighed every other day. 
They were sacrificed by decapitation after 
they had been 64 days on the experiment. 
By that time most deficient animals showed 
ocular symptoms of vitamin .A deficiency and 
had lost some weight. 

Results and discussion. Table I gives the 
average weight gains as well as significant 
average organ weights found. As most groups 
of animals were too small to permit legitimate 
statistical treatment and comparison, Table 11 

organ weight 

gives the values of all ratios 

body weight 

found so as to show the distribution of re- 
sults. 

Selye^ conducted a systematic study of the 

* The :mthors .ire imlebtod to Dr. E. L. Sevring- 
liaus, nu'flioal director, noffm.omi-LaKocIic, Xuticy, 

X. J.. for gifts of Tif.imins. 

t The authors are indebted to Dr. Roy Hertz .and 
to Dr. K. W. Thompson of the Roehc Orgaimti Co., 
for gifts of “Perandren.” 

I Solve, 11., Proc. Soc. Exr. Broi.. .\N'n .^fKD., 
1941, 40, 142. 
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TABLE I. 


Effect on Bod}' and Organ Weiglit. Gain in weiglit during experimental period. 



a. Xo vit. A 

Xo testost. 

b. Xo vit. A 
-}- testost. 

e. vit. A 

Xo testost. 

d. -|- vit. A 
-f- testost. 

Fin.Tl* yvt gain 

44 g 

1. Xon-eastrates 

44 g 

104 g 

S4g 

Max. wt g.'iin 

54 g 

50 g 

id. 

id. 

Testes* 

10C8 mg 

932 mg 

2247 mg 

1S33 mg 

Seminal vesielest 

107 mg 

1727 mg 

193 mg 

1749 mg 

Kidneys 

1149 mg 

1448 mg 

17C9 mg 

2187 mg 


e. Xo vit. A 

f. Xo vit. A 

g. 4- vit. A 

h. -}- vit. A 


Xo testost. 

-h testost. 

Xo testost. 

4- testost. 

Final wt gain 

46 g 

2. Castrates 

47 g 

104 g 

105 g 

Max. yvt gain 

52 g 

57 g 

id. 

id. 

Seminal vesielest 

* 

t 

1417 mg 

♦ 

1720 mg 

Kidneys 

1083 mg 

1560 mg 

1517 mg 

2429 mg 


* The difference hetn-een “Final” and “Maximum” gain weights is due to the fact that 
when the animals were sacrificed, the degree of deficiency reached was such that most animals 
had already lost weight. 

t Prostates and epididTOies showed size changes in the same directions as seminal vesicles, 
t Jsot detectable by macroscopic examination. 


effects of various doses of testosterone on the 
weight of the body and of certain organs of 
the male albino rat. He found particularly 
striking effects for doses of 1.0 to 10 mg daily. 
This is an analogous dosage to that used here. 
The e.vperiment was continued for only 20 
days — approximately one-third of the dura- 
tion of the present experiment. In these con- 
ditions, he obseiwed that accessorj’’ sex organs, 
the seminal vesicles in particular were very 
much enlarged, while the size of the testes 
was decreased. In this particular series of his 
no significant effect was obserx'ed on the 
weight of the kidneys, in contradistinction 
wth some other of his own obseiwations^" 
and those of other investigators.®”^® 

In the present work, the deficient animals, 
castrates as well as non castrates conformed 
to the general pattern established and verified 
for the control animals: testosterone adminis- 
tration was followed by extreme hypertrophy 
of accessory sex organs, seminal vesicles in 

Solve, n., .7. Vrol., 1939, 42, C37. 
c.Sclye, H., CanatJ. Med. Assn. J., 1940, 42, 113. 
" Solve, n., J. Endocrinol., 1939, 1, 20S. 

8 Korenebevsky, V., .und Ross, M. A., Srit. Med. 
J., 1940, I, C45. 

r'Pascbkis, K. E., Sbay, H., Gcrslion-Cobn, J., 
and Fels, S. S., Am. J. Phijsiol., 1940, 129, 191. 

10 Pfeiffer, C. A., Enimel, V. M., and Gardner, 
W. U., i'afe J. Biol. Med., 1940, 12, 493. 


particular; by a definite hypertroph}' of the 
kidneys and by a decrease of the size of the 
testes. As far as the eff'ect on the overall 
body weight is concerned, while the decrease 
in weight gain of normal animals under the 
influence of testosterone administration noted 
bj' Selye was confirmed, deficient animals be- 
haved like castrates in that they were not 
affected. 

Particularly significant is the fact that the 
extreme h 3 pertrophy of accessory sex organs 
was maintained bj' testosterone even in the 
face of acute deficiency. Animals showing 
marked periocular symptoms and which had 
sustained severe losses of weight e.xtending 
over a period o{ tyvo weeks still showed semi- 
nal vesicles, prostates and epididjmes 10 
times larger, in absolute ynlues, than control 
animals not recei\nng testosterone. This dif- 
ferential reaction is in itself quite striking. 

This e.\periment seems to establish definite- 
l 3 ' the fact that an 3 ' “castration effect’’ ob- 
served as a result of vitamin A deficiency* in 
the rat is not due to the lack of response of 
target organs but to lack of circulating andro- 
gens. Because of previous results indicating 
the apparent “piling up” of cholesterol, in 
Vitamin A deficienc 3 ’,^^"^® a possible explana- 

II Ealli, E. P., nnd 'W.nterhousc, A., Paoc. .Soc. 
Ext. Biol. .yxD Med., 1933, .10, 519. 
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TABLE 11. 

Organ weight 


Belationship. Distribution of Values. 

Body weiglit 




a. No vit. A 

b. No vit. A 

e. -h vit. A 

d. -{- vit. A 



No testost. 

-j- testost. 

No testost. 

-1- testost. 



Non-castrates 



Testes 


10.4 11.5 

8.5 10.8 

14.3 14.2 

12.9 13.4 

X 103 


11.2 9.8 

8.5 12.2 

14.4 

14 

body 


10.2 12.8 

10.8 8.5 


Avg 13.4 


Avg 11 

Avg 9.9 

Avg 14.3 

Seminal vesicles 

X 103 

0.002 1.78 

0.64 0.8 

2 1.47 

35 38.4 

17.2 23.2 

1.7 0.8 

1.4 

10 12.5 

17.8 

body 

17.7 18.8 


Avg 1.1 

Avg 18.4 

Avg 1.2 

Avg 13.4 

Kidnevs 


14.7 15 

13,6 15 

13.4 9.8 

16.3 16 

1- X 103 


13.8 12.9 

19.8 14.8 

10.5 

14.3 

body 


13.3 12.2 

13.4 13.2 


Avg 15.6 


Avg 13.7 

Avg 15.0 

Avg 11.2 



e. No vit. A 

f. No vit. A 

g. -f vit. A 

h. -f- vit. A 



No testost. 

-f- testost. 

No testost. 

-4- testost. 




Castrates 


10.3 10.9 

Seminal vesicles 

X 103 

— 

12.9 12.5 

13.1 12.7 

— 

Avg 10.6 

body 


Avg 12.8 


Kidneys 

X103 

body 


12.1 12.8 

14.1 13.4 

Avg 13.1 

14 14.2 

14.1 14.4 

Avg 14.2 

9.3 9.2 

9.5 

Avg 9.3 

14.2 15.8 

Avg IS.O 


Tion. is that vitamin A deficiency prevents 
chemical transformation of cholesterol into 
testosterone. Indirect mechanisms, such as 
intervention of vitamin A in the synthesis or 
release of gonadotrophic hormones cannot, 
however, be eliminated without further ex- 
perimental work. 

• Summary. 1. In an effort to find whether 
the “virtual castration” of vit. A deficient male 
rats is due to prevention of the synthesis of 
androgens or to the lack of response of target 
organs, the effects of administration of testo- 
M. 1934, 8, 675. 

13 Mayer, J., unpublished observations. 


sterone in deficient non-castrates and castrates 
were compared with the effects on their con- 
trols. 

2. The response of the deficient animals was 
found to be essentially normal. The acces- 
sory sex organs in particular were extraordin- 
arily hypertrophied under the influence of 
testosterone administration even in the face 
of severe losses of weight. 

3. The evidence obtained suggests that 
vitamin A deficiency interferes with the syn- 
thesis or release of androgens. 

Eeceivcd August 4, 1949. P.S.E.B.M., 1949, t— 
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Blood Histamine, Leukocytes and Platelets in Experimental Serum Disease 

in Rabbits. (17461) 


Carolyn Foraian, Elizabeth ^Iertens, ^Iilton Graub and illlam Ehrich 
From the Philadelphia General Hospital and the Graduate School of Medicine of the University 

of Pennsylvania, 


The role of histamine in allergic diseases is 
poorly understood. During anaphylactic shock 
the blood histamine level has been found to 
be markedly elevated in dogs and guinea pigs 
immediately following the reinjection of anti- 
gen.^-=^ It is believed that this elevation can 
account for practically all dominant symp- 
toms of this condition except the incoagula- 
bility of the blood which is explained by out- 
pouring of heparin.'’ However, in rabbits, 
horses, and calves the blood histamine level 
has been shown to be depressed.'’-'^ In rabbits 
this de\nation can plausibly be explained by 
i liberation of histamine from the buffy coat 
which in these animals contains 200 -/ of hista- 
mine per 100 cc of blood as compared with 
2 to 4 -/ in dogs and 12 to 25 y in guinea 
pigs.’’ The depression of the blood histamine 
in horses and calves is difficult to explain on 
this basis for these animals contain onlj’’ 2 to 
4 y of histamine per 100 cc of blood. 

The role of histamine in serum disease has 
been studied by several investigators. Dammin 
and Bukantz" were unable to produce the vas- 
cular lesions of this disease in normal rabbits 
by gi\nng them daily intravenous injections of 
0.1 mg of histamine base per kg of body 
weight for periods varying from 1 to 62 dal's. 
Injecting histamine into the rabbit’s skin 
seldom caused erythema or whealing, and the 
site of injection, unlike that of an Arthus 

1 Dr.npstcdt, C. A., and Mead, F. B., J. Immun., 
193G, 30, 319. 

- Dragstedt, C. A., and Mead, F. B., J. Fharm. 
and Prp. Ilicrap., 1930, 57, 419. 

3 Simon, A., and Staub, A. M., Compt. rend. Soc. 
dc bioT., 1937, 125, 815. 

■•Code, C. F., -Im. J. Phprinl., 1939. 127, 78. 
a Dragstedt, C. A., Phyino}. Pcv., 1941, 21, 563. 
cCode, C. F., and Hester, H. B.. Am. J. Physiol., 
1939, 127, 71. 

7 Dammin, G. J., and Bubantz, S. C., J. Am. 
Med. Assn., 1949, 139, 358. 


Philadelphia, Pa. 

phenomenon, generally did not fluoresce fol- 
lowing the intravenous injection of fluorescein. 
^Moreover, in rabbits injected with horse ser- 
um, neohetramine given subcutaneously in 
doses of 10 mg per kg twice daily did not 
affect the appearance of circulating antibodies, 
the Arthus reaction of the skin or the develop- 
ment of arteritb.” Benadryl in doses of 5 
mg per kg every 8 hrs was likewise ineffective.® 

However, the latter drug in doses of 2 or 
10 mg twice daih’, and drug 1627, another 
antihbtaminic agent, have been reported to 
impede the development of the mi'ocardial 
lesions of serum disease,® and benadiyl in 
doses of 5 mg per kg every 8 hrs apparently 
offered some protection against the production 
of lesions in the valves.® These results have 
not been duplicated.’’® Antbtine has been 
found to prevent e.xperimental glomerulo- 
nephritb in rabbits produced by anti-kidney 
serum,^® but the glomerulitb of experimental 
serum dbease was not affected by antihbta- 
minics.^^ 

In xiew of these various findings it seemed 
of interest to stud 3 ' the blood histamine level 
in experimental serum disease, and as the 
hbtamine of the blood b known to be con- 
tained in the buffy coat, to investigate the 
leukocj-tes and platelets as well. 

Material and Methods. AH e.xperiments 
were performed in Chinchilla rabbits averag- 
ing 1900 g in weight. Twent\'-five rabbits 
were ^ven 15 cc per kg of “normal horse 
serum” (Squibb) containing 1:10000 sodium 
ethj'l mercuri thiosalicj'Iate plus 0.2% phenol. 
The remaining 15 rabbits received horse 

8 Roberts, E. C., Crockett, K. A., and Laipplr, 
T. C., Arch. Int. Med., 1949, 8.3, 48. 

9 Kyser, F. A., McCarter, J. C., and Stcngle, J., 
J. Lah. and Clin. Med., 1947, 32, 379. 

lORcnbi, F., Hclret. Med. Acta, Suppl. IS, 1940. 

11 Janev.ay, C. .A., oral commnnication, 1949. 
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, serum without preservative (Wyeth).* Seven- 
teen da3fs later the surviving animals were 
desensitized with 1 cc of serum intravenously 
and 2 days thereafter they ivere reinjected 
with another 15 cc per kg. Twenty-four rab- 
bits received serum onty, 16 were given 20 
mg of neohetramine in a 4% solution subcu- 
taneously 4 times daily (at 9 AM and at 1, 
S and 9 PM). The injections of the drug 
were discontinued 3 days after reinjection of 
the serum, Le., 4 days before the last 4 
rabbits recei\dng the drug were sacrificed. 
Histamine was determined according to Code’s 
method.^- The blood was collected from the 
heart in quantities of 10 cc. In order to 
avoid a possible change in the blood hista- 
mine level by repeated bleeding, blood was 
drawn as a rule only once or twice from the 
same animal except in a last series of 3 rab- 
bits which ivere bled 5 times each. The dates 
of collection are indicated in Fig. 1. Leuko- 
cyte and platelet counts were first done on 
certain days only, but in our last series of 3 
rabbits 12 determinations were made in each 
animal. All counts were made shortly before 
blood was collected for histamine determina- 
tion. They were made on blood obtained by 
nicking the marginal vein of the ear ■with 
a sharp razor blade. Groups of 4 animals 
were sacrificed and studied microscopically 
3, 4, 5, 7, 14 and 16 days after the first 
injection of serum, and 2, 6 and 7 da>'s after 
the second. 

ResttUs. The Arthus reaction of the skin 
elicited by intradermal injection of 0.1 cc 
of horse serum was, as in the experiments of 
Dammin and Bukantz,"^ not appreciably 
changed by neohetramine in 20 rabbits tested. 
Analysis of the urine at the time of sacrifice 
showed no significant difference between the 
rabbits receiving neohetramine and the con- 
trols during the later stages of the experiment. 
However, the proteinuria which occurred dur- 
ing the week following the first injection of 

‘■We are indebted to Dr. J. Seif ter of tlie 
Wyetb Institute of Applied Biocliemistrr for sup- 
plying us ■(rith the neolietramine solution, and Dr. 

B Scott Fritz and Dr. J. H. Brown of the Wyeth 
Incorporated Biological Laboratory at Marietta. 
Pa. for giving us the horse serum. 

12 Code, C. F., J. Fhysiol, 1937, 89, 257. 



Fig. 1. 

Histamine and platelet levels in serum dise.rse. 
The large arrows indicate tho first and second in- 
jection of 15 cc of horse sornm per kg, tho small 
arrow the injection of the desensitizing dose of 
1 ce. 


horse serum was abolished by the antihistam- 
inic (Table I). The histamine level of the 
blood before injection averaged 194 y per 100 
cc in 6 rabbits tested. After the intravenous 
injection of 15 cc of horse serum per kg the 
level rose to an average of 226 y on the 4th 
day and then gradually returned to normal 
(Fig. 1). Reinjection of serum on the 19th 
day was followed by a sharp drop in hista- 
mine to an average of 182 y on the 1st daj'. 
There was no elevation of this material dur- 
ing the first 7 days after the second injection. 

The rabbits which received neohetramine 
revealed an average blood histamine level of 


TABLE I. 

Protein Content of Urine Polloulng the First 
Inject ion of Sernni, 

Without tVith 

Neohetramine 


Days after inj. 


14 


+ 

+ -+ 

+ 

+ 

(+) 

(+} 

(+) 

0 


0 

0 

0 

0 

(+) 

0 

0 

0 
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TABLE IL 


Leukocyte and Platelet Levels Following tlie First and Second Injection of gernm in Babbits Xo. 1. 2. 3. 


P.iys 

after 

inj. 

Babbit 

>'o. 

Xeutropliiles 

Lympboicl cells 

Eosinopliiles 

Basopbiles 

Platelets 

(thousands} 

1 

0 

3 

1 

2 3 

'1 

2 

3 

'1 

0 

3 

"^1 

0 

3 


1622 

2967 

2342 

4400 

Before 
3349 4314 

inj. 

31 

0 

0 

1S7 

64 

136 

543 

524 

756 


1228 

1872 

2030 

4182 

4017 4558 

30 

30 

37 

140 

121 

185 

427 

499 

085 

t 

14ns 

988 

2442 

4847 

After first inj. 
2660 4514 131 

95 

74 

164 

57 

370 

511 

42S 

533 

0 

4493 

1084 

1588 

7128 

3729 4027 

60 

25 

0 

300 

202 

265 

660 

817 

475 

4 

3040 

0837 

3220 

3100 

4596 3187 

0 

0 

0 

0 

57 

133 

90S 

1068 

701 

7 

2784 

3559 

4232 

5193 

5703 3976 

42 

49 

0 

291 

439 

342 

S9S 

850 

936 

11 

33.13 

2550 

5408 

3724 

3858 74.52 

112 

0 

0 

261 

302 

330 

774 

610 

670 

19 

3490* 

1404 

1330 

5270* 

3591 7850 

0 

27 

0 

330 

378 

800 

613 

4S3 

1004 

1 

4085* 

1504 

7709 

2074 

After second inj 
1717 2399 31 

17 

0 

0 

102 

102 

458 

357 

727 

4 

1952 

1748 

2138 

8991 

7.343 3680 

59 

50 

0 

82S 

849 

1192 

562 

524 

069 

7 

1639 

2275 

2984 

0423 

4302 3581 

89 

71 

37 

709 

462 

858 

682 

609 

790 


* This elevation is accounted for by a retro-aural abscess which developed in this rabbit. 


73 7 per 100 cc (42 to 102) from the 3rd to 
the 17th day after the first injection, and 72 
7 after the second. The blood for these de- 
terminations -n-as drawn mostly 4 hrs after 
the last injection of neohetramine. 

The results of the leukocyte and platelet 
counts in the 3 most completely studied rab- 
bits are given in Table II and Fig. 1. It is 
apparent that the first injection of serum 
caused first a rise in eosinophiles (on the 1st 
day) which was followed by a rise in neutro- 
philes (between the 2nd and 4th day) and 
IjTnphoid cells (on the 4th day) whereas the 
basophiles were not much changed. WTiile 2 of 
the rabbits behaved much alike with the ex- 
ception of a high neutrophile count on the 
19th and 20th da\" in Rabbit 1 (caused by a 
retro-aural abscess), and while most of our 
counts in other rabbits fell well within the 
range of the counts of these 2 animals, Rab- 
bit 3 behaved differently showing a peak in 
neutrophiles on the 11th day and one in 
h-mphoid cells between the 11th and 19th day. 
At autopsy this animal revealed the most 
severe arteritis of all animals of this series; 
it also showed a marked gomerulitis though 
this was less severe than that in Rabbit ' 2 . 

The reinjection of serum on the 19th day 
caused a marked drop in lymphoid cells and 
basophiles one day after injection. This nas 
followed by a marked rise of the 2 with a 


peak on the 4Lh dajL The average rise 
in lymphoci’tes was 178^0 (161% over the 
normal control counts), that in basophiles 
1300% (590% over the normal control 
counts). The neutrophiles showed no con- 
sistent change. 

The platelets were markedly elevated fol- 
lowing the first injection of serum with a 
peak on the 4th day: they showed a marked 
drop one day after the second injection and 
thereafter returned to normal (Fig. 1). 
Rabbit 3 differed again from this course, 
whereas most of our counts in other rabbits 
fell well within the range of counts of Rab- 
bits 1 and 2. The course of the platelets 
closely paralleled that of histamine. 

The important morphological changes in our 
rabbits are given in Table III. It can be seen 
that the rabbits which were treated with 
serum containing presen-ative showed more 
pulmonary involvement and less myocarditis, 
glomerulitis and arteritis than those receiving 
serum without preserv^ative. This difference 
may have been due to precipitation and there- 
fore increased retention in the pulmonary 
vessels of the preservative containing seruin. 
for sections of these lungs showed numerous 
emboli blocking arterioles and capillaries of 
the lungs, whereas those of animals receiving 
serum without preservative did not. The 
chief difference in the reactions toward the 
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TABLE III. 

Fi-cqueiiey (a)^ niid Intensity (b)f of the Various Lesions Caused by Scrum. 


ICo. of ill j. 
of serum 


Xo. of 
rabbits 

itesenehymal 

myocardium 

Beactions, 

lungs 

Glomerulitis 

Valnilitis 

Arteritis 

iseolietramine 

a. 

b. 

a. 

b. 

a. 

b. 

a. 

b.' 

a. 

h. 

1 

with 

8 

Scrum with 
62.5 52.5 

preservative 
100 48.5 

0 

0 

0 ■ 

0 

0 

(1 


witliout 

S 

50 

52.5 

100 

83 

12.5 

17 

0 

0 

0 

0 

O 

with 

3 

100 

57.0 

100 

100 

33.3 

33 

60.7 

25 

n 

0 


witliout 

3 

100 

G2.5 

100 

92 

33.3 

17 

50 

100 

33.3 

50 


” t 

G 

100 

75 

100 

71 

GC.7 

21 

40 

S3 

lfi.7 

50 

1 

witfi 

3 

Serum without preservative 
100 21 66.7 31 

0 

0 

0 

0 

0 

0 


witliout 

4 

100 

44 

100 

34.5 

25 

17 

0 

0 

0 

0 

2 

with 

O 

100 

75 

100 

50 

100 

54 

100 

83 

50 

50 


without 

2 

100 

31 

100 

56 

50 

50 

— 

— 

50 



i 1 4 

+ 

G 

100 

39.5 

100 

71 

83.3 

G7 

40 

07 

50 

(i7 


* Tlie frequency has been esprossed in per cent of aniniais affcoted in order to facilitate comparison, 
t Tiie intensity has been expressed in per cent of the ma.xiinnm intensity observed. The figures were 
calculated from the positive cases only. 

f These animals uere members of separate groups not receiving neohetramine. 


first and second injection of serum was a 
greater frequency and intensity particularly 
of glomerulitis, valvulitis and arteritis follow- 
ing the latter. In fact, valvulitis and arteritis 
occurred in these experiments only after the 
second injection. The mesenchymal reactions 
in lungs and myocardium were more severe, 
too, though less strikingly so, as may be ex- 
pected if dur contention is correct that these 
reactions are chiefly primary reactions instru- 
mental in the production of antibody, whereas 
glomerulitis and arteritis are chiefly allergic in 
nature, i.e., the result of an antigen-antibody 
reaction.“'^^ 

Neohetramine was found to depress the 
mesenchymal reactions in lungs and myocar- 
dium. This effect was most noticeable in the 
organs whose mesenchyme reacted most se- 
verely to the serum, i.e., in the lungs, in the 
rabbits treated with serum containing pre- 
servative, and in the lungs and myocardium, 
in the animals which were given serum without 
preservative. Also the 2 cases of glomerulitis 
observed after the first injection of serum oc- 
curred both in animals without neohetramine. 
Following the’ 2nd injection no significant 
difference was observed between the two senes 


J., .-md Forman, C., 

J 'Exp. Med., 1949, ■ i, W F 

-■ J, „ r ScUter J., and Bhnch, W. E., 
13 Forman, U., ccmvi, u., 

J. AlJemi, 1949, ao, 2i3. 


of experiments. However, the antihistaminic 
drug was discontinued 4 days before the last 
animals were sacrificed. 

Discussion, The first intravenous injection 
of a large dose of horse serum in our rabbits 
caused a rise in histamine and platelets, the 
peak occurring on the 4th day. The reinjec- 
tion of the same quantity of the same senim 
19 days later was followed by a marked drop 
of the two elements during the first day, and 
there was no rise above normal during the re- 
maining 6 days of the experiments. The rise 
in platelets after the first injection resembled 
that follomng various infections, the e.xposure 
to ultraidolet light, and other injuries,^® while 
the drop in histamine after reinjection was in 
accord with the observed fall of histamine 
in anaphylactic shock in rabbits.® The rise in 
platelets following the first injection and the 
absence of a rise after reinjection furnish an 
explanation for the recent obsemtion of in- 
creased blood co^ulability during tlie first 
week following the first injection of serum and 
its absence after the second.*' The close 
parallel between histamine and platelets in our 
rabbits (Fig. I) is in keeping with the demon- 
stration by Jlinard*® and others that in rab- 
bits most of the blood histamine is contained 

16 Gann, F. D., Arch. Path,, 1931, IS, 153. 

17 Moore, B. C., .ond Waugh, D., J. Exp. Med., 
1949, 89, 541. 
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in the platelets. 

It is obvious that the rise in histamine and 
platelets following the first injection of serum 
cannot be regarded as an allergic phenome- 
non; it is apparently part of the primary re- 
action of the organism against noxious agents 
: in general. During the period of histamine 
and platelet elevation following the first in- 
jection of serum all rabbits tested which re- 
\ceived serum only contained protein in the 
'“urine, whereas, those which were given neo- 
hetramine did not. Though one may be 
tempted to explain this as a specific anti- 
histaminic effect, there is reason to be- 
lieve that this was due to a non-specific 
action of the drug upon the permeability 
of the capillaries possibly via the hyal- 
uronidase-hyaluronic acid mechanism; for it 
. has been found that antihistaminic drugs de- 
crease the permeability of tissue membranes 
in vitro^^ as well as that of capillaries in 
and it has also been observed that 
i hyaluronidase enhances the leakage of protein 
through the glomeruli in serum disease in rab- 
bits.— Howe\'er this may be, microscopic ex- 
amination of the kidneys showed that the pro- 
teinuria in our animals was not caused by 
proliferative glomerulitis, but it was associ- 
ated with degenerative changes such as swell- 
ing of the loops and pyknosis of the nuclei 
as described and illustrated in a previous 
’ paper.’-* 

The mesenchymal reactions in the lungs 
folloning the first injection of serum were 
distinctly, and those of the myocardium slight- 
ly depressed by neohetramine. The latter ob- 
seiA-ation is in accord with the findings of 
Kyser and coworkers.® The depressing effect 
of neohetramine, if real, is opposite to that 
of hj-aluronidase®® and therefore may well be 
explained by a non-specific action of this 
drug on the permeability of tissue membranes 
causing diminished penetration of lungs and 

Minanl. D., Am. J. IJtll, 132, 327. 

inSeifter, J., Baeder, D. H., and Dcrviiiis, A., 
Pnoc. Soc. Ext. Biol, axd Med., 1949, 72, 136. 

-0 McGavacR, T. II., EUa.s, H., .and Bord, L. J., 
.lai. .r. .Iffd. Sc., 1947,213, 418. 

I.ORcr, J., and Masson, G., ihuh, 1947, 314 
30.'). ’ 

2-.: Seif tor, .T., and Ehridt, W. E., to l)o ruMisIied. 


mx'ocardium by antigen. The development of 
arteritis, glomerulitis and valvulitis following 
reinjection, on the other hand, was not 
affected. These observations are in keeping 
with our view that the mesenchjnnal reactions 
in lungs and myocardium are direct reactions 
to the antigen instrumental in the production 
of antibody, whereas arteritis and glomerulitis 
are the result of an antigen-antibod}' reac- 
tion.’-*'”' 

Of the changes of the leucocx'tes, the marked 
rise in basophiles following the second injec- 
tion of serum is of particular interest. As the 
reinjection is followed by outpouring of hep- 
arin,^ and there is reason to believe that the 
basophiles are cellular sources of heparin,®^ 
it suggests itself that the rise in basophiles 
may be a regenerative phenomenon prompted 
by the heparin consuming effect of the ana- 
phylactic reaction. 

Conclusions. It appears that in rabbits 
histamine is linked via the histamine contain- 
ing platelets with blood coagulation, and this 
Is connected via heparin with the heparin pro- 
ducing basophiles. .All ‘these elements are 
Involved in serum disease. The first injection 
of serum is followed by a rise in histamine 
and platelets, the second by a drop in these 
elements. The destruction of the white cell 
layer following reinjection calls forth an out- 
pouring of heparin which in turn is followed 
by basophilia in the blood. Only the changes 
following reinjection can be regarded as al- 
lergic. Neohetramine was found to effect 
only the primary reactions following the first 
administration of serum. It suppressed the rise 
in blood histamine and the proteinuria ob- 
served during the first week following the first 
injection, and also impeded the primary mes- 
enchymal reactions in lungs and heart which 
are believed to be instrumental in antibody 
formation. There are reasons to believe that 
this was not a specific antihistaminic effect, 
but that it was due to a non-specific action of 
the drug upon the permeability of tissue 
membranes possibly via the hyaluronidase- 
hyaluronic acid mechanism. 

23Jorpes, J. E., Heparin. 0.\ford University 
Press, 1946. 

Becciveil Sci)t. 27, 1949. P.S.E.B.M., 1949. 72. 
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TABLE in. 

FrequeiicT (a)* and Intensity (b)t of the VarioTis Lesions Caused b}- Seruiii. 


No. of inj. 
of serum 


No. of 

^lesenchymal 

myocardium 

Reactions, 

lungs 

Glomerulitis 

Valvulitis 

Arteritis 

Neolietramino 

rabbits 

a. 

b. 

a. 

b. 

t 

a. 

b.' 

f 

a. 

> 

b. 

a. 

~*b. 

1 

witli 

8 

Serum -with 
62.5 52.0 

preservative 
100 48.5 

0 

0 

0 ■ 

0 

0 

0 


without 

8 

50 

52.0 

100 

83 

12.5 

17 

0 

0 

0 

0 

2 

witl\ 

3 

100 

57.5 

100 

100 

33.3 

33 

66.7 

25 

n 

0 


witliout 

3 

100 

02.5 

100 

92 

33.3 

17 

50 

100 

33.3 

.50 


” i 

6 

100 

75 

100 

71 

66.7 

21 

40 

S3 

16.7 

50 

1 

witli 

3 

Serum 

100 

without preservative 
21 66.7 31 

0 

0 

0 

0 

0 

0 


witliout 

4 

100 

44 

100 

34.5 

25 

17 

0 

0 

0 

0 

o 

with 

O 

100 

75 

100 

50 

100 

54 

100 

S3 

50 

50 


without 

O 

100 

31 

100 

56 

50 

50 





50 

75 


) J *■ 

+ 

c 

100 

39.5 

100 

71 

83.3 

67 

40 

67 

50 

07 


Tlie frequency lias been expressed in per cent of animals affected in order to facilitate comparison, 
t The intensitj" lias been exjircssed in per cent of tlic niaxiinnin intensity observed. The figures were 
calculated from the positive cases only. 

{ These animals were uicmbcrs of separate groups not receiving neohetramine. 


first and second injection of serum was a 
greater frequency and intensity particularly 
of glomerulitis, valvulitis and arteritis follow- 
ing the latter. In fact, valvulitis and arteritis 
occurred in these experiments only after the 
second injection. The mesenchymal reactions 
in lungs and myocardium were more severe, 
too, though less strikingly so, as may be ex- 
pected if our contention is correct that these 
reactions are chiefly primary reactions instru- 
mental in the production of antibody, whereas 
glomerulitis and arteritis are chiefly allergic in 
nature, f.c., the result of an antigen-antibody 
reaction.’ 


Neohetramine was found to depress the 
mesenchymal reactions in lungs and myocar- 
dium. This effect was most noticeable in the 
organs whose mesenchyme reacted most se- 
verely to the serum, i.e., in the lungs, in the 
rabbits treated with serum containing pre- 
servative, and in the lungs and myocardium, 
in the animals which were given serum without 
preservative. Also the 2 cases of glomerulitis 
observed after the first injection of serum oc- 
curred both in animals without neohetramine. 
Following the’ 2nd injection no significant 
difference vtis observed between the two series 


.Hid Form.Hi, C., 

j. EZP. J., Ehrich, W. E., 

isEonnan, U., seiiitr, o., 

J. Allergy, 1949, SO, 273. 


of experiments. However, the antihistaminic 
drug was discontinued 4 days before the last 
animals were sacrificed. 

Discussion. The first intravenous injection 
of a large dose of horse serum in our rabbits 
caused a rise in histamine and platelets, the 
peak occurring on the 4th day. The reinjec- 
tion of the same quantity of the same serum 
19 days later was followed by a marked drop 
of the two elements during the first day, and 
there \vas no rise above normal during the re- 
maining 6 days of the experiments. The rise 
in platelets after the first injection resembled 
that follomng various infections, the exposure 
to ultraviolet light, and other injuries,’® while 
the drop in histamine after reinjection was in 
accord with the observed fall of histamine 
in anaphylactic shock in rabbits.® The rise in 
platelets following the first injection and the 
absence of a rise after reinjection furnish an 
explanation for the recent obsenation of in- 
creased blood coagulability during the first 
week following the first injection of serum and 
its absence after the second.’' The close 
parallel between histamine and platelets in our 
rabbits (Fig. 1) is in keeping with the demon- 
stration by hlinard’® and others that in rab- 
bits most of the blood histamine is contained 

10 Gunn, F. D., Arch. Path., 1931, 12, 153. 

17 Moore, R. C., ana Wnugli, D., A. 

1949, 89, 541. 
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in the platelets. 

It is obvious that the rise in histamine and 
platelets following the first injection of serum 
cannot be regarded as an allergic phenome- 
non; it is apparently part of the primary re- 
action of the organism against noxious agents 
in general. During the period of histamine 
and platelet elevation following the first in- 
jection of serum all rabbits tested which re- 

■ ceived serum only contained protein in the 
'iirine, whereas, those which were given neo- 

hetramine did not. Though one may be 
tempted to explain this as a specific anti- 
histaminic effect, there is reason to be- 
lieve that this was due to a non-specific 
action of the drug upon the permeability 
of the capillaries possibly via the hyal- 
uronidase-hyaluronic acid mechanism; for it 
has been found that antihistaminic drugs de- 
crease the permeability of tissue membranes 
ill vilro^'-‘ as well as that of capillaries in 

■ vivo , and it has also been observed that 
i hyaluronidase enhances the leakage of protein 

through the glomeruli in serum disease in rab- 
bits.- However this may be, microscopic ex- 
amination oi the kidneys showed that the pro- 
, teinuria in our animals was not caused by 
proliferative glomerulitis, but it was associ- 
ated with degenerative changes such as swell- 
ing of the loops and pyknosis of the nuclei 
as described and illustrated in a previous 
paper.’^ 

The mesenchymal reactions in the lungs 
following the first injection of serum were 
distinctly, and those of the myocardium slight- 
ly depressed by neohetramine. The latter ob- 
sm'alion is in accord with the findings of 
Kyser and coworkers.'** The depressing effect 
of neohetramine, if real, is opposite to that 
of hyaluronidase^” and therefore may well be 
explained by a non-specific action of this 
drug on the permeability of tissue membranes 
causing diminished penetration of lungs and 

'SMinnrd, It., Jm. .7. PlnjmoL, 1941, 132, 327. 

.T., Bacdcr, D. H., anti Dcrvinis, A., 
I’koc. Soc. E.\t. Biol, axd Min)., 1949, 72, 130. 

-» McG:iv.nck, T. 11., Elias, 11 ., anil BoyO, L. .1., 
-Im. .7. Mai. Se., 1947, 213, 41S. 

-' lA-gPr, 3., and Masson, G., ihul., 1947, 214, 
30,'). > > , , 

— Sniftor, .T,, and Elirich, tV. E., to lie published. 


myocardium by antigen. The development of 
arteritis, glomerulitis and vahmlitis following 
reinjection, on the other hand, was not 
affected. These observations are in keeping 
with our \dew that the mesenchymal reactions 
in lungs and myocardium are direct reactions 
to the antigen instrumental in the production 
of antibody, whereas arteritis and glomerulitis 
are the result of an antigen-antibody reac- 
tion.”-’^ 

Of the changes of the leucocytes, the marked 
rise in basophiles following the second injec- 
tion of serum is of particular interest. As the 
reinjection is followed by outpouring of hep- 
arin,^ and there is reason to believe that the 
basophiles are cellular sources of heparin,-^ 
it suggests itself that the rise in basophiles 
may be a regenerative phenomenon prompted 
by the heparin consuming effect of the ana- 
phylactic reaction. 

Conclusions. It appears that in rabbits 
histamine is linked via the histamine contain- 
ing platelets with blood coagulation, and this 
"is connected via heparin with the heparin pro- 
ducing basophiles. .Ml 'these elements are 
involved in serum disease. The first injection 
of serum is followed by a rise in histamine 
and platelets, the second by a drop in these 
elements. The destruction of the white cell 
layer following reinjection calls forth an out- 
pouring of heparin which in turn is followed 
by basophilia in the blood. Only the changes 
following reinjection can be regarded as al- 
lergic. Neohetramine was found to effect 
only the primarx’^ reactions following the first 
administration of serum. It suppressed the rise 
in blood histamine and the proteinuria ob- 
seiwed during the first week following the first 
injection, and also impeded the primary mes- 
enchymal reactions in lungs and heart which 
are believed to be instrumental in antibody 
formation. There are reasons to beliex-e that 
this w'as not a specific antihistaminic effect, 
but that it was due to a non-specific action of 
the drug upon the permeability of tissue 
membranes possibly via the hyaluronidase- 
hyaiuronic acid mechanism. 

2S.Torpps, J. E., Heparin. O.xford University 
Press, 194 n. 

R<>CPiYCi3 Set>t. 27, 1949. P.S.E.B.M., 1949. 72. 
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Detoxification of Cottonseed Pigment Glands with Ferrous Sulfate, (17462) 


EmvAKD Eagle (Introduced by A. J. Carlson) 

From the Research Laboratories, Swift and Co., Chicago, III. 


The use of iron salts as antidotes for cot- 
tonseed meal injury was suggested many years 
ago by Withers et al.^ who successfully fed 
ferric ammonium citrate-treated cottonseed 
meal to rabbits and ferrous sulfate and ferric 
chloride-treated meal to pigs. In a recent 
paper- we studied the acute oral toxicity on 
rats, mice, rabbits and guinea pigs of cotton- 
seed pigment glands, distinct morphological 
structures recently made available from cot- 
tonseed kernels by a flotation process." The 
present report concerns LD50 studies on rats 
of different samples of pigment glands each of 
which was administered in both distilled water 
and in 2% ferrous sulfate solution. 

Procedure, hfale rats weighing between 


ISO and 220 g were fasted for 18 hours 
(average weight loss from fasting was 14 g). 
Water rvas given ad Ubhtm. Each rat was 
kept in a separate cage in an air-conditioned 
animal room maintained at 80° ± 1°F and 
ca. 45% relative humidity. For each of tlie 
3 samples the test preparations were made 
both by mixing 10 g of the pigment glands 
wdth distilled water to a final volume of 100 
ml, and by suspending 10 g of the same glands 
in 2% ferrous sulfate solution to a final 
volume of 100 ml. Single doses were given 
b 3 ' stomach tube on the basis of milligrams 
of pigment glands per kilogram body weight. 
All animals had free access to stock diet and 
water after dosing. Calculations of the LD50 


TABLE I. 

Mortality in. Eats after Oral Administr.ation of Single Doses of Cottonseed Pigment Glands in 
■Water and in Perrons Sulfate Solution. 


Sample 1 


Sample : 


Sample 3 


Dose, 

mgAg 

r 

In 

nrater 

In 2% 
PeS 04 



In 

water 

In 2% 
PcSOi 

' In 
water 

In 2% 
FoSOi 

In 0.5% 
EeS 04 

7000 


0/4 


0/4 


0/1 

4/4 

GOOD 


0/4 


0/4 


0/4 

4/4 

5400 




0/4 


0/4 


5000 


0/4 


0/4 


0/4 

4/4 

4600 





4/4 

0/4 


4200 





o/7 

0/4 


4000 


0/4 


0/4 

3/4 


4/4 

3800 





C/7 

0/4 


3400 


1/4. 


0/4 

4/4 

0/5 

4/4 

3000 


0/4 


0/4 

8/11 

0/5 

4/4 

2000 

3/3 

0/4 

4/4 


3/3 



2400 



4/4 





2200 

3/4 

0/4 

4/4 


G/11 



2000 



4/4 





1800 

7/7 

0/4 

3/4 


4/4 



1600 



3/4 





1400 

7/8 


2/4 


0/8 



1200 

2/4 


0/4 





WOO 

3/7 








33 

36 

32 

28 

G3 

36 

24 


1140 

>7000 

1490 

>7000 

2290 

>7000 

<3000 


Total rats used 
LD50 (rag/kg) 


“Twith^, W. A., and Brewster, ,7. E., ,r. Riot. 
Chenu, 1913, 161; Withers, W. A., and Car- 

ruth E, E-) 

» Eagle, E., Castillon, U E., Hall, C. Itl., and 
Bo'amer, b. H., Arch, moehenu, 1948, 18, 271. 


394G, 23, 123; Vi.x, II. L. E., Spadaro, .T. .T., West- 
brook, E. D., Croveto, A. J., Pollard, E. F., and 
Gasfrock, E. A., J. Am. Oil Chemusts’ Soe., 1947, 
24, 228. 
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Fig. 1. 

Effect on the body \Ycight of the rat of large, single doses of cottonseed pigment glands 
detoxified by administration in 2% ferrous sulfate solution. 


values were made by the method of Reed and 
^luench.'* 


Results. A summart' of the ejqierimental 
data is given in Table I. Doses of all 3 
samples of cottonseed pigment glands which 
caused 100% mortality when administered in 
distilled water had no harmful effect when 
given in 2% ferrous sulfate solution. In the 
case of Sample 3, cottonseed pigment glands 
which were completely detoxified when given 
in 2% FeS 04 lost none of their toxicity when 
suspended in 0.5%, FcSOy and all of the rats 
died. The rapid onset of diarrhea reported for 
cottonseed pigment glands- occurred at even' 
dose level when distilled water was the vehicle 
but no diarrhea occurred when the glands were 
suspended in 2%, ferrous sulfate solution All 


I Rooil, L. .1., niul Muench, 11. -ini 
1P3S. 27, 403. ’ * 


•t. Hygiene, 


fatalities e.xcept one occurred within 3 daj's, 
82% within 24 hours. Tj^pical body weight 
cun'es obtained on rats after administration of 
unusually large single doses (indicated by 
arrow) of cottonseed pigment glands (Sample 
2) are illustrated in Fig. 1. Each point (solid 
lines) represents an average value obtained 
from 4 rats. The water control rats (dotted 
line) received water only; the pigment gland 
control rats (dashes) received 1200 mg /kg of 
the glands suspended in water. Since the 
LD5Q value for these pigment glands was 
’1490 mg/kg, all of the experimental rats 
would have died had these large doses (3000 
to 7000 mg/kg) been administered in dis- 
tilled water instead of in 2% FeS 04 solution. 
The 1200 mg/kg dose of pigment glands in 
water caused a marked depression in body 
weight; the large doses administered in 2% 
FeSOi caused no decreased weight beyond the 
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fasting level. Similar body 'iveight curves 
were obtained with 22 other dose levels of the 
3 samples of cottonseed pigment glands. 

Summary. Acute to.xicity studies were made 
on 3 different samples of cottonseed pigment 
glands administered orally to 228 rats in the 
form of slurries made with either distilled 
water or 2fo ferrous sulfate solution. The 
LD50 values for the samples when adminis- 
tered in water were, respectively, 1140, 1490 
and 2290 mg/kg. When given in 2% ferrous 
sulfate solution the samples -were detoxified so 
that even such high doses as 7000 mgAg for 
each were no longer toxic. There was little 


effect on tie body weight of all 99 rats which 
survived doses of ferrous sulfate-treated cot- 
tonseed pigment glands 3 to 6 times the LDSO 
value for water-suspended glands. Adminis- 
tration of pigment glands in 0.5% FeSO^ 
did not detoxify them, and led to the death 
of all 24 rats given this preparation. 

The author is indebted to Mr. H. jP. Bialek for 
technical assistance, and to the Southern Bcgion.il 
Laboratory, U.S.D.A., New Orleans, La., for the 
samples of cottonseed pigment ghands. 


Beeeived October 18, 1949. P.S.E.B.M., 1949, 73. 


Effect of 3-Ortho-toloxy-l, 2-propanedtol (Tolserol, Myanesin) upon Elec- 
trogram of Human Cortex and Subcorf ex. (1746S) 

E. A. Spiegel and H. T. Wycis 

From the Departments oj Experimental Neurology and Neurosurgery, Temple University School oj 
Medicine and Hospital, Philadelphia. 


The sites of action of 3 -ortho-toloxy- 1,2 -pro- 
panediol (tolserol, myanesin) have not been 
exactly determined as yet, although there is 
suggestive evidence that this drug chiefly af- 
fects subcortical ganglia (Berger and Brad- 
ley;^ Burke and Linegar;- Davison;® Pugh 
and Enderby;’^ Schlesinger et al?). Particu- 
larly the experience that it is able to abolish 
petit mal discharges (Gammon and Church- 
ill®) points to a thalamic effect, since these 
discharges seem to originate in thalamic nu- 
clei (animal experiments of Jasper," human 
records of Wycis, Lee and Spiegel®). 

A study of the effect upon the electrical 

1 Berger, F. M., and Bradley, W., Brit. J. 
PJiarm., 1946, 1, 265. 

2 Burke, J. 0., and Linegar, C. B., Fed. Froc., 
1948, 7, 208. 

3 Dawson, W. H. A., BHt. Med. J., 1948, 1, 544^ 

4 Pugh, J. I., and Enderby, G. B. H., Lancet, 
1947, 3, 387. 

0 SeWesinger, E. B., Brew, A. L., and Wood, B., 
Am. L Med., 1948, 4, 365. 

c Gammon, G. B-, and Churchill, J. A., Am. F. 

Med. Sc., 1949, 317, 143. 

7 Jasper H. H., and Broogleever-Fortuyn, J., 
Bes. FuU. Assn. Nero. Meat. Die., 1947, 26, 272. 


discharges of subcortical ganglia promised to 
supply more direct evidence. In the course 
of thalamotomy and mesencephalotomy opera- 
tions carried out by means of our stereoen- 
cephalotome (Spiegel and Wycis”), we had an 
opportunity to record the potentials of human 
diencephalic and mesencephalic structures pre- 
ceding the production, of the lesions. 

The effect of tolserol upon the electroen- 
cephalogram (scalp electrodes in the frontal 
and in the occipital region), upon the elec- 
trical discharges of thalamic nuclei (dorso- 
medial nucleus; lateral nucleus), of the hypo- 
thalamus, and of the tectum of the midbrain 
was studied. Needle electrodes consisting of 
an inner stylet, insulated except for the tip, 
and an outer sheath insulated except for a 
ring 3.0 mm above the tip of the stylet were 
inserted by means of the stereoencephalotome. 
Monopolar as well as bipolar leads were used. 
For monopolar recording, the tip of tire inner 

8 Wycis, H. T., Lee, A. .L, and Spiegei, E. A., 
Conf. Near., 1949, 0, 264. 

9 Spiegel, E. A., Wycis, H. T., Freed, H., .and 
Lee, A. J., Pkoc. Soc. Exp. Bion. axb Med., 1948, 
09, ITS. 
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Fig. 1. 

Kffcct of introvcnotis injection of 2% Tolserol solution in a schizophrenic 
j>aticnt chieflv upon the EEG (IFO bipolar record from left frontal and oc- 
cipital scalp electrodes, rFo bipolar record from right frontal and occipital 
scalp electrodes). Xo definite effect upon the dorsomedial nucleus (r. dm. th) 
and the lateral nucleus (r I th) of the right thalamus. Xo definite changes in 
the pharrngogram (Ph) and the electrocardiogram (EKG), A large part of 
the right dorsomedial nucleus is degenerated by a prerious thalamotomy, ^ A 
before, B after injection of Tolserol (Myanesin My)« Time after injection 
is indicated in brackets. Anesthesia: .6 mg Atropine sulf. ; 30 cc Paraldehyde: 
Demerol 37.5 mg; 0.5 g Sod. PentotUal; XnO-Oo (3:1). 


«^Cr) bOceftH) 65 cc(79 90cc (I?) 

izo-'l. 





stylet served as the active, the lobe of the 
homolateral ear as the “indifferent” electrode. 
Eor bipolar recording the tip of the stylet 
seiv'ed as the one and the bare ring on the 
sheath as the 2nd electrode. Simultaneously 
the electrocardiogram and the electrical dis- 
charges lead off from the roof of the pharyuLK 
were recorded. These records were obtained 
in schizophrenic patients, cases of depre^ion 
and obsessive compulsive neuroses preceding 
thalamotomy and in cases of unbearable pain 
preceding mesencephalotomy. All patients 
were under nembutal or pentothal, N.O-O. an- 
aesthesia; 50-100 cc 7.^0 Tolserol* were in- 
jected intravenously. 

The following changes of the electrical ac- 
tivity were observed; In some instances, the 
fast, low voltage oscillations of the EEG of 
the anesthetized patients were replaced by 
slower waves of higher amplitude (Fig. 1). 
The speed of the injection seems of import- 
ance, if one wishes to demonstrate alterations 
of the EEG. We obser\-ed the above described 
effect, if the first 50 cc of the drug were 

- Kindly •.upplicd by Dr. II. fSidney NcivcoDier 
E. 11. Pi)uibb and Sons. ’ 


injected within 4-5 minutes and the follow- 
ing 50 cc within 6-8 minutes. In contrast to 
the susceptibility- of the cerebral corte.v to 
tolserol, we failed to obtain definite changes of 
the EEG following the injection of curare in 
doses sufficient to produce peripheral paraly- 
sis. This latter obser\-ation is in agreement 
with the findings of HaiA’ey-,*® Everett,*^ and 
Girden.^ \\Tiile no definite changes in the 
discharges of the dorsomedial nuclei (dm th) 
and of the lateral nuclei (lat th) of the 
thalamus were found (Fig. 1), the hypothala- 
mic lead (Hm and Hb) showed a definite de- 
pression of the discharges interrupted b\' the 
appearance of burst of slow waves of high 
amplitude (Fig. 2). These changes appeared 
at a stage when a cortical effect was not 
definite as yet. The same applies to the tec- 
tum of the midbrain whose fast, low voltage 
discharges were replaced by' high 3-5/second 
waves (Fig. 3). 

Summary: Tolserol has a definite effect 

iOHar\-ey, A. M., Fed. Proc., 194S, 7, 4oS. 

11 Everett, G. JL, J. F/wirm. and Exp. Tlierap., 
19-lS, 02, 24G. 

i^Girden, E., J. Xcuroplipsiol., 194S, 11, 1G9. 
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Fig. 2. 

Effect of intravenous injection of 2% Tolserol solution (My) eliieflE upon the hvpothala- 
mogram in a paranoid schizophrenic. Hb bipolar, Hm monopolar records from the hypothala- 
mus. iSTote that the pharyngograni does not reflect the changes in the hjpothalamogram. E bi- 
polar record from the frontal areas, O from the occipital areas (scalp electrodes) A before, 
B after injection of the drug. Anesthesia: Atropine sulf. 0.4 mg; Sod. Phenobarbital 0.2 g; 
Sod. Pentothal 1.3 g; Curare 100 units; NgO-O®. 






EKC ’ nr 


A B 

Pio. 3. 

Effect of intravenous injection of 2% Tolserol solution (My) upon the tectum mescncephali 
in a case of severe pain, Jlbp bipolar, Mmp monopolar records froru the tectum of the mid- 
brain. F bipolar frontal, 0 bipolar occipital records (scalp electrodes). A before, B after' 
injection of the drug. Anesthesia: Atropine snlf, 0.6 mg; Nembutal 200 mg; Curare 100 units; 
Sod. Pentothal 0.375 g; NjO-Oj. 


upon the electrical discharges of the human 
cerebrum; the most pronounced changes were 
found in the electrical activity of the hypo- 
thalamus and of the midbrain. 


We Irish to express our appreciation to Dr. L- 
Krumperman and Dr. B. Siman from the Anes- 
tliesia Deparfment for their kind cooperation. 

Eeceired October 14, 1949. 1949, 72. 
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Further Studies on the Histochemical Specificity of Phosphatases* (17464) 

George Gomori 

From the Dcparlmenl 0} Medicine, The University of Chicago. 


In continuation of previous studies,^ 10 
more substrates "were tried in histochemical 
experiments on phosphatases. The new sub- 
strates were the following; catechol- and hy- 
droquinone monophosphates; glucose-6-phos- 
phate, fructose-6-phosphate, phosphoglyceric 
acid; yeast adenylic acid (3-nucleotide), 
muscle adenylic acid (5-nucleotide) ; dim- 
ethyl- and diphenyl acid pyrophosphates, and 
casein. The first two were prepared by a 
modification of the King-Nicholson- pro- 
cedure; instead of the Ba salts the Ca salts 
were prepared; the crude products were puri- 
fied by extraction with water at an alkaline 
reaction and precipitation bj^ 1 to 2 volumes 
of alcohol. Glucose-6-phosphate was the gift 
of Dr. B. Vennesland of the Dept, of Bio- 
chemistry^, University of Chicago; fructose-6- 
phosphate, phosphoglyceric acid and yeast 
adenylic acid were obtained from the Schwarz 
Laboratories, New York; 5-nucleotide was 
purchased from the Sigma Chemical Co., St. 
Louis; dimethjd acid pyrophosphate was re- 
ceded from the Victor Chemical Works, Chi- 
cago; diphenyl acid pjwophosphate was sxm- 
thesized according to the method of Neuberg 
and Wagner.® 

Expcritnetital. The technic was the same 
as reported previously. The substrates were 
used at two pH values only, at pH 5 and 9.2. 
Slides incubated with glycerophosphate were 
used as standards for comparison at both pH 
values. No reaction was obtained with casein 
in any of the tissues either at alkaline or at 
acid reaction. 

In the alkaline range, intense reactions were 

• Tins work tins bi'cn done under gr.mts from flie 
Dougins Smith Foundation for Mcdie.nl Research 
of The Vnivorsitr of Cliicago, and from the Path- 
ology Study Section of the Tj. S. Public IlcaUh 
Service. 

t Gomori. G., Proc. Soc. Exn. Bioi,. .skd 
1P4?. TO, 7. 

-■ King. E. .T., and Xicholson. T, P., Biochem. J., 

1030, :ni, use. 

RXcuborg. C., and Wagner. .T.. Bioehem 2 
102G. 171, 4So. ’ 


observed in 2 hours with all other substrates, 
except the pywophosphates which required 
prolonged incubation (up to 24 hours). The 
picture of distribution of enzymatic actixdty 
was essentially identical with all substrates, 
except 5-nucleotide. iMinor and mostly in- 
constant differences were noted with the pxnro- 
phosphates, the nuclei being stained relative- 
ly' more intensely than with the use of the 
other substrates. 

Pictures obtained with the use of 5-nucleo- 
tide were different in several respects from 
those observed with any of the other sub- 
strates. -Although in some of the organs (kid- 
ney, adrenal, intestinal mucosa, embryonic 
skeleton, placenta, etc.) the pattern of enzy- 
matic distribution was indistinguishable from 
that seen udth the use of, c.g., glycerophos- 
phate, in other organs patterns entirely dif- 
ferent and specific for 5-nucleotide were found. 
Some of the main differences were as follows: 

1. In the brain of the rat and mouse, non- 
specific reaction is found mainly' in the grey' 
cortex where the reaction is rather diffuse, and 
in the walls of blood vessels (Fig. 1). With 
5-nucleotide, the cortex is only' slightly' stained, 
and the reaction is mainly' in the axons. In- 
tense staining is obtained at some sites where 
the nonspecific reaction is practically nega- 
tive such as the caudate nucleus (Fig. 2), the 
radiation of the corpus callosum and the 



Fig. 1. 

Bruin of the moufc. Ruli^tr.ite: glycoroplios- 
plmte. Grey cortex ami blond vessels stained. 
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Fjg. 2. 

Another section of the same block. Substrate: 
b-imcleotido. Caudate nucleus intensely stained. 



Fio. 3. 

Human spleen. Substrate: glycerophosphate. 
Positive reaction at the periphery of a Mal- 
pighian body. 



I'JQ. 4. 

Donsecutive serial section to the previous one. 
^strntc: g-nudcotide. Ecnction throughout the 
dpighian bod}'. 

ructures of the cornu Ammonis. The blood 
ssels are less intensely stained. _ 

2. In the human spleen, only the penphep' 
the Malpighian bodies shows a nonspecific 


activity (Fig. 3); with S-nucleotide, the cen- 
ters are also intensely stained (Fig. 4). 

3. In the testis of man, the mouse and the 
rat, S-nucleotidase activity is quite intense 
in the nuclei of spermatogenic elements while 
nonspecific activity is much weaker, 

4. Smooth muscle of vessel walls and of 
some viscera (urinary bladder, stomach, etc.) 
stains intensely although neither uniformly nor 
consistently when the substrate is 5-nucleotide, 
while the nonspecific reaction is negligible in 
the same locations. On the other hand, longi- 
tudinal muscle of the uterus of the mouse 
stains equally ivell with all substrates. 

These findings seem to confirm previous 
contentions'*-’'''’ that S-nucleotidase is a specific 
enzyme, different from nonspecific alkaline 
phosphatase. Whether the multiple overlap- 
ping of patterns of distribution is genuine or 
in part due to impurities of substrate nature in 
the muscle adenylic acid used in these experi- 
ments -will require further investigation. 

In the acid range, good results were obtained 
with catechol monophosphate and with glu- 
cose- and fructose-6-phosphates; with the 
other substrates the reactions were much 
weaker and variable. No significant differ- 
ences in localization of activity were seen with 
different substrates, except that phenylpyro- 
phosphate tended to show a predominantly 
nuclear pattern of activity. The findings of 
Reis'* according to which prostatic acid phos- 
phatase is also primarily a S-nucleotidase 
could not be confirmed histochemically since 
the intensity of the reaction was far more 
marked either with glycerophosphate or with 
3-nucIeotide than with 5-nucieotide as a sub- 
strate. 

Summary. The pattern of distribution of 
alkaline phosphatase activity in rissues is, 
when 5-nudeotide is used as a substrate, dif- 
ferent from patterns obtained with any other 
substrate. The specificity of 5-nudeotidase 
appears to be an established fact. 

< Beis, J., Bull. soc. chim. hiol., 1934, 10, 383. 

”• Reis, J., Em’imologia, 1937-38, 2, 110. 
fiGuIIand, ,1. M., and .Tackson, E. 3f., Bioeltem. 

.7., 1938, ;J2, 590, 597. 

7 Reis, J., En:ymnloyia, 1938, 5, 251. 

Received October 20, 1949. P.S.E.B.Jf., 1949, *2. 
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Absorption and Excretion of Streptomycin Para-aminosalicylate.* (17465) 


John D. Adcock, Robert M. Stow,! Reubena Rabezzana and Karen Irwtn 

(Introduced by C. C. Sturgis) 

From the Department of Internal Medicine, Medical School, University of Michigan, 
University Hospital, Ann Arbor. 


Streptomycin has become firmly established 
as a valuable agent in the treatment of selected 
cases of human tuberculosis. Para-aminosa- 
licylic acid (hereafter designated PAS) is ef- 
fective in the treatment of experimental tu- 
berculosis in animals^ and appears to enhance 
the effectiveness of streptomycin when it is 
used in combined therapy in e.xperimental 
infections.- Recent e%'idence from clinical 
trials’’^ suggests that a combination of paren- 
teral streptomycin and oral PAS acts to delay 
the accumulation of strains of tubercle bacilli 
resistant to either drug. 

Basic streptomycin can be combined •nith 3 
molecules of P.-^S to form streptomycin para- 
aminosalicylate! (hereafter designated strep- 
tomycin P.\S) ; one gram of streptomtxin com- 
bining with 0.8 g of PAS. The resulting 
chemical is very slightly, if at all, more irri- 
tating when injected intramuscularly than is 
an equivalent amount of streptomycin. It has 
been found to be superior to streptomycin in 
e.xperimental tuberculosis in the mouse a 
daily dose of streptomycin P.\S, equivalent 
to 0.4 mg of streptomycin affording the same 

* Tills investigation was supported, in part, By a 
research grant from the Division of Rcscareli 
Grants and Fcllowsliips of the National Institute 
of Health, V. K. Public Health Service, 
t Charles Pfizer Fellow in Chemotherapy, 

1 Feldman, W. H., Karlson, A. G., and Hinshaw, 
H. C., Prnc. Staff Meet., Mayo Clin., 1947, 22, 473. 

- Younians, G. P., Youmans, A. S., and Osborne, 
R. R., .7oiini(i!-J.aiiie<'l, 1947, 07, 403. 

3 Karlson, A. G., Pfuetze, K. H., Carr. D. T., 
Feldman, W. H., and Hinshaw, H. C., Proc. Staff 
Meet., Maijn Clin., 1949, IM, 85. 

^ Delaude, .V., Karlson. A. G., Carr, D. T., Feld- 
man, W. H., and Pfuetze, K. H., Proc. Staff Meet., 
Main, Ctin., 1940. 24, 341. 

; Prepared and furnished by the Oiarles Pfizer 
Conipfiny, Brooklyn, X. Y. 

•' Hobby, G. I... and Lenert, T. F., Presented at 
the 7th .streptomycin Conference, Veterans Admin- 
istration, Bonvor, A]iril 


degree of protection as that produced by 2 to 
3 mg of streptomycin sulphate. The present 
report concerns the results of investigation 
into the fate of streptomycin P.-\.S in human 
subjects. 

Materials and incthods. The subjects were 
young patients with minimal or moderately 
advanced pulmonary' tuberculosis as the only 
significant dexdation from normality. Strepto- 
mycin PAS was injected intramuscularly in 
quantities equivalent to 1 .0 g of streptomycin 
(0.8 g of P.’VS) in 4 subjects, and 0.5 g of 
streptomycin (0.4 g of P.AS) in 4 other sub- 
jects. Plasma specimens (heparinized) were 
obtained for control purposes, and at 15 
minutes, 30 minutes, and 1, 2, 4, 8 and 12 
hours following injection of the material. 
Urine was collected in 3 pooled specimens 
each covering a 4 hour period. For purposes 
of comparison 2 of the above subjects were 
given an amount of PAS (0.8 g) orally 
equivalent to that contained in the strepto- 
mycin P.\S which they had received by intra- 
muscular injection in a previous e.xperiment. 
Two subjects were given streptomycin PAS 
orally- and in this case plasma specimens were 
collected only at 30, 60 and 120 minutes. 
Concentrations of P.4S in plasma were de- 
termined by the method described by iSIar- 
shalF using sodium para-aminosalicylate as 
standard material for calibration of the Eve- 
lyn colorimeter. Streptomycin concentrations 
were measured by the cup-plate method of 
bioassay in use in this laboratory. According 
to custom, concentrations of P.A.S are ex- 
pressed as mg per 100 ml while concentrations 
of streptomycin are expressed as -/ per ml. The 
control plasma in most indi\nduals contains 
interfering substances which give readings for 
P.AS estimated as near, but slightly less than 
0.05 mg per 100 ml. This figure has. there- 

r- M;irsb:iH, E. K., .Tr., Pr.oc. Soo, Exr. Bioi„ 
ASD Mr.D.. 1948, C8. 471. 
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fore, been accepted as a baseline. The addi- 
tion of streptomycin PAS to water or serum 
gives recoveries, by the above methods, very 
near the expected values for both P.A.S and 
streptom 5 xin. This would appear to indicate 
that the chemical union does not interfere 
with the biologic activity of streptom}''cin nor 
with the chemical determination of PAS. 

Res 2 iUs and discussion. The plasma strep- 
tomycin concentrations, measured in the sub- 
jects who received streptomycin PAS intra- 
muscularly, varied but were rvithin the range 
expected for an equivalent amount of strepto- 
mycin. The values obtained for plasma PAS 
likewise varied considerably, particularly in 
the early minutes of absorption. Peak values 
developed between IS and 30 minutes after 
intramuscular injection and averaged 1.35 mg 
per 100 ml in the subjects receiving an amount 
of streptomycin PAS equivalent to 1.0 g of 
streptomycin. In those subjects receiving a 
dose one-half this size the peak plasma con- 
centrations averaged 0.6 mg per 100 ml. Con- 
centrations fell rapidly and were at the base 
line after 4 hours in the group receiving the 
smaller dose and only very slightly above the 
base line in those who received the larger 
amount. This data is illustrated in Fig. 1. In 
Fig. 2, the curve of plasma P.AS following in- 
gestion of 0.8 g of PAS is compared with that 
obtained, in the same individual, follorving 
intramuscular administration of an equiva- 
lent amount of PAS as streptomycin PAS. 
The curves are very similar save that the 
peak concentration appeared later when the 
material was taken orally. Virtually the same 
relationships were observed in a second indi- 


vidual. 

One fairly consistent feature of these ex- 
periments was the disassociation between the 
curves for PAS and for streptomycin concen- 
trations in plasma. Peak levels for PAS ap- 
peared between 15 and 30 minutes while those 
for streptomycin occurred from 1 to 2 hours 
after injection (Fig. 3). f this is 

due to rapid conjugation of the PAS radical- 
although it may be due, at least in part, to 

D. 

' ‘ k /.r, TJ 7 PJini'iii. onil J!xp. Tlierap., 
U., .and Swanson, It., x nn- 

IWS, SCO. 



FW. 1. 

Pl.nsnin eonccnfr.'itioiis of PAS fotloning infro- 
imiseular administration of streptomycin PAS in 
.Tinouiits equiv.o1ent to 1 g of streptomycin (0.8 g 
PAS) and 0.3 g streptomycin (0.4 g PAS). The 
lines indicate average values for c.aeh dos.age ievei. 



■ rule; 

Comparison of plasma concentrations of i 
following equivalent amounts of: (1) 
ciit PAS intraiuusculariy. (2) Streptomycin I -'0 
or.ally. (3) PAS orally. 

breakdown of the compound followed by in- 
dependent behavior of streptomycin and 
or its derivatives. Calculations of the ex- 
pected levels of PAS, based on the concentra- 
tions of streptomj'cin in the plasma, were 
often fairly close to Uie observed levels of 
P.4S for specimens taken 1 5 minutes after 
injection of the material. Later specimens 
usually e.xhibited P.-VS levels far below the 
calculated values, which might be expected i 
the PAS were undergoing rapid conjugation. 
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Fig. 3. 

Plasma values for PAS and for streptomvcin follon-ing intra- 
muscular administration of an amount of streptomTcin PAS 
equivalent to 1 g of streptomycin. 


Streptomycin could not be detected in the 
plasma following oral administration of strep- 
tomycin PAS. The concentrations of PAS 
which developed were considerably lower than 
those expected from an equivalent amount 
of PAS, taken by mouth, or injected intra- 
muscularly as streptomycin PAS, indicating 
that the material is certainly broken down to 
its components in the gastro-intestinal tract, 
though possiblj' not completely. 

Urinarj' recoverj' of PAS following intra- 
muscular administration of streptomycin PAS 
ranged from 9 to 24% (average 14%) with 
virtually the entire amount appearing within 
4 hours of administration. Recovery of 
streptomycin averaged the expected 60%. 

The concentrations of PAS in plasma follow- 
ing intramuscular administration of strepto- 
mycin PAS are not particularly impressive 
when compared r\-ith those following large 
amounts of PAS given orally (peak concentra- 
tions of 4 to 8 mg per 100 ml following 
doses of 3 g) . They assume somewhat greater 


significance, however, when considered in re- 
lation to the sensitivity of newly isolated 
strains of tubercle bacilli which are reported^ 
to be sensitive to P.AS in concentrations in 
the neighborhood of 0.012 mg per 100 ml of 
medium. These results, coupled with the ef- 
fectiveness of the material in experimental 
tuberculosis' and the simplicity of adminis- 
tration, would seem to indicate that strepto- 
mycin PAS is worth}' of clinical trial in human 
tuberculosis on an experimental basis. 

Suvtviary. Streptomycin PAS may be given 
intramuscularly without undue irritation. 
Chemical assay of PAS, and bioassay of strep- 
tomycin, each give virtually quantitative re- 
covery of streptomycin PAS in vitro. Follow- 
ing intramuscular administration of strepto- 
mycin PAS in human subjects, streptomycin 
was demonstrated in the plasma and urine 
within the expected range. PAS also appeared 
in significant concentrations, but the quanti- 
tative relation to streptomycin was altered. 

Received October 17, 1949. P.S.E.B.M., 1949. 72 
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fore, been accepted as a baseline. The addi- 
tion of streptomycin PAS to water or serum 
gives recoveries, by the above methods, very 
near the expected values for both PAS and 
streptomycin. This rvould appear to indicate 
that the chemical union does not interfere 
with the biologic activity of streptomycin nor 
with the chemical determination of PAS. 

Results and discussion. The plasma strep- 
tomycin concentrations, measured in the sub- 
jects who received streptomycin PAS intra- 
muscularly, varied but were wdthin the range 
expected for an equivalent amount of strepto- 
mjmin. The values obtained for plasma PAS 
likewise varied considerably, particularly in 
the early minutes of absorption. Peak values 
developed between IS and 30 minutes after 
intramuscular injection and averaged 1.35 mg 
per 100 ml in the subjects receiving an amount 
of streptomycin PAS equivalent to 1.0 g of 
streptomycin. In those subjects receiving a 
dose one-half this size the peak plasma con- 
centrations averaged 0.6 fng per 100 ml. Con- 
centrations fell rapidly and were at the base 
line after 4 hours in the group receiving the 
smaller dose and only very slightly above the 
base line in those who received the larger 
amount. This data is illustrated in Fig. I. In 
Fig. 2, the curve of plasma PAS following in- 
gestion of 0.8 g of PAS is compared with that 
obtained, in the same individual, following 
intramuscular administration of an equiva- 
lent amount of PAS as streptomycin PAS. 
The curves are very similar save that the 
peak concentration appeared later when the 
material was taken orally. Virtually the same 
relationships were observed- in a second indi- 
vidual. 

One fairly consistent feature of these ex- 
periments was the disassociation betw'een the 
curves for PAS and for streptomycin concen- 
trations in plasma. Peak levels for PAS ap- 
peared between 15 and 30 minutes while those 
for streptomycin occurred from 1 to 2 hours 
after injection (Fig. 3). Presumably this is 
due to rapid conjugation of the P.-^S radical' 
although it may be due, at least in part, to 

B., .'.nd Swanson, E., J. Pharm. ami Exp. Therap., 
1948, 1)3, 369. 



Pig. 1. 

P)asii!;i concpntMtions of PAS foUoiring intr.a- 
nmscular administration of streptomycin PAS in 
.amounts equivalent to 1 g of streptomycin (0.8 g 
PAS) and 0.5 g streptomycin (0.4 g PAS). The 
lines indicate average values for each dos.agc level. 



Fig. 2. 

Comparison of plasma concentrations of PAS 
following equivalent amounts of: (1) Slrcptoniv- 
cin PAS intramuscularly. (2) Streptomycin PAS 
orally. (3) PAS orally. 

breakdmvn of the compound followed by in- 
dependent behavior of streptomi'cin and PAS 
or its derivatives. Calculations of the ex- 
pected levels of P.AS, based on the concentra- 
tions of streptomycin in the plasma, were 
often fairly close to the observed levels of 
P.\S for specimens taken IS minutes after 
injection of the material. Later specimens 
usually exhibited PAS levels far below the 
calculated values, which might be e.\pected if 
the PAS were undergoing rapid conjugation. 
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fraction (fractional activity) or per mg of 
N in the whole homogenate (relative actmty) . 
The first way of computing indicates the 
changes of activity which occur during the 
development within the respective fraction, 
independent of the changes of the quantity 
of this fraction. The second method of com- 
putation provides an inde.v for the contribu- 
tion of enzjunatic activity of one particular 
fraction relative to the enzymatic activity of 
the whole homogenate of muscle tissue. If 
the enzjnnatic activities for the single fractions 
computed for the total nitrogen are added, 
the acti^^ty obtained theoretically should be 
equal to the activity of the whole unfraction- 
ated tissue homogenate. The latter data cor- 
respond to the figures represented in the 
graph in the prernous paper.^ The figures 
obtained by computation for the total nitro- 
gen, (relative activities) are dependent not 
only upon the activity in the respective frac- 
tion but also upon the quantity of this frac- 
tion relative to the other fractions composing 
the total homogenate. In order to show the 
scattering of our results we have listed in 
Table I the numbers of samples used and 
the range for the fractional activities and also 
the' averages for single fractions and for the 
whole homogenate as well as the relative 
activities for the single fraction and for the 
sum of the fractions to be compared with the 
activity of the whole unfractioned tissue. 
From these figures it is quite endent that 
all fractions show a marked increase in actiw- 
ty. It can be noticed that in the 3 fractions, 
R, Ml, Mo, almost the entire increment is 
found for the development from the 14th to 
the 19lh day of gestation, the period in which 
the most pronounced steps of structural and 
functional differentiation are taking place. 

Fraction S increases at a steadier rate over 
the whole developmental period investigated. 
The increase in the relative activities (calcu- 
lated per mg nitrogen of the total homogenate) 
differs from the fractional activities by its 
dependence upon the quantity of the respec- 
tive fraction. \ closer correlation of the two 
sets of figures was not attempted. However 
it can be clearly recognized that in the case of 
fractions R, Mo, and S the increases in the 
relative activities are of the same order of 
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Liberation of Inorganic Phosphate from Adenosinetriphosphate by Frac- 
tions Derived from Developing Rat Muscle.* (17466) 

Heinz Herrmann, J. S. Nicholas, and M. E. Vosgian 
From the Osborn Zoological Laboratories, Yale University, New Haven, Conn. 


The systematic investigation of chemical 
changes occurring in differentiating muscle 
tissue was beguni-- by assajdng quantitatively 
the main protein fractions at different stages 
of development. The direct continuation, of 
this analysis was not immediately possible be- 
cause the preparative characterization of the 
most significant muscle proteins, the myosin 
group, was impeded by the similarity in solu- 
bility of the nucleoproteins® and the discrep- 
ancy between the increase in quantity of the 
m}msin proteins and the activity of adenosine- 
triphosphatase which usually are thought to 
be closely associated. As an explanation of 
this discrepancy (1) an appreciable increase in 
the enzymatic activity in fractions other than 
the myosin proteins, or (2) an increase in 
activity of the myosin fraction itself or (3) 
a simultaneous occurrence of both have been 
considered. These possibilities have been 
tested experimentally and the results are here 
described. 

Experimental: ATPase activity determina- 
tions. About 500 mg of fresh, minced muscle 
tissue were homogenized in 10 cc of .5 M KCl 
in the cold. The pH was adjusted to 7.5 and 
the homogenate was divided into two 5 cc pwr- 
tions. One was stored in the cold for a de- 
termination on the whole (W). The other 
was subjected to protein fractionation as fol- 
lows: the homogenate was stirred for one 
hour at 40°F, and then centrifuged for 
hour at 3,000 r.p.m. The residue is R. 
The supernatant was carefully adjusted to 
pH 5.V by adding split drops of .04 N HCl. 
The insoluble material was separated by cen- 

♦ Supported in p.nrt by a grant from tlie Ameri- 
can Cancer Society througli the ATtC Committee 
on Growth. 

1 Herrmann, Heinz, and Nieliolas, J. S., J. Exp. 
Zool, 1948, 107, 177. 

2 Herrmann, Heinz, and Niciiolas, J. S., J. Exp. 

Zool., 1948, 107, 165. . c. r x- 

3 Herrmann, Heinz, and Hicimlas, J. S., J. Exp. 

Zool., 1949, 113, 253. 


trifugation for ^ hour and denoted as Mj. 
The supernatant was diluted with 2 volumes 
of ivater, and then centrifuged for hour. 
The residue is AL. The supernatant is S. 
The fractions so separated were rehomogen- 
ized in 5 cc of .5 M KCl, and the pH was 
adjusted to 7. 2-7. 5. After dilution of each 
fraction and the whole, so that the activity 
would fall within a measurable range, .2 cc 
portions were taken for ATPase activity de- 
terminations, which were performed by the 
procedure of Dubois and Potter.'* The ATP 
wms prepared according to the method of 
Bounce, et al.^ 

Tubes set up for phosphate determination 
contained the following: .60 cc of 2.5^ 
ammonium molybdate in 5 N H 2 S 04 , .25 cc of 
sample, distilled winter to dilute to 3.00 cc, 
and lastly, 15 cc of .ZSfo 1-amino, 2-naphthol, 
4-sulfonic acid. Phosphate standards and a 
blank were run concomitantly. ' The contents 
w’ere thoroughly mixed and heated in a water 
bath at 37°C for 5 minutes. After cooling 
the samples to room temperature, colorimetric 
readings were taken on the Beckman spectro- 
photometer at 660 nifi. 

Nitrogen determinations for each fraction 
in suspension were made by the Kjeldahl 
method modified by Boell® after precipitation 
with trichloracetic acid (100 g to 100 cc) 
to yield a solution concentration of 5%. 

Results and discussion: The enzymatic 
liberation of inorganic phosphate from adeno- 
sine triphosphate by 4 protein fractions ob- 
tained from mesoderm or muscle tissue at 
different stages of development is shown in 
Table I. The activities are computed as phos- 
phate liberated cither per mg of N in the 

•I Dubois, K. P.. .and Potter, V. R., -J- Eiol. 
Chem., 1943, 150, 185. 

3 Dounce, A. L., Eothstein, A., Beyer, G. Tii.mn- 
liauscr, Meier, K., .and Freer, R. M., J. Eiol. Chem,, 
1948, 174, 361. 

CBocR, E. J., Trans. Conn. Jcnil. Art.s and Set., 
1945, 30, 429. 
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oping muscle obtained from rat embrjms of 
14 daj^s, fetuses of 19 days, rats of 1-2 days 
and 9-10 da}^ of age. The activity was cal- 
culated in micrograms of phosphorus liberated 
in 15 min. at 37.5° per mg N. 

The activity was determined for each of 4 
fractions and the sum of these, the activity 
of the whole homogenate, was in close agree- 
ment with previous determinations of the 
whole homogenates. 


All 4 fractions increase in acti%dty during 
development; the iNIi fraction, containing the 
purest preparation of the myosin proteins de- 
velops in activity 6 times faster than the 
other fractions. 

While the apjTase actiidty was formerlj- 
thought to be limited to the myosin protein 
fraction this contributes but a minor part of 
the total activity. 

Received August S, 1919. P.S.E.B.M., 19-19, 72. 


Role of Pyridoxine in the Production of Leucocytes in Normal and 
Leukemic Mice.* (17467) 

David R. Weir, Robert W. Heinle, and Arnold D. Welch 
From the Departments of Medicine and Pharmacology, School of Medicine, Western Reserve 
University, and the University Hospitals of Cleveland. 


^lorgan, Groody, and .Axelrod* showed 
that pyridoxine-deficient dogs developed a 
leucocytosis with an absolute increase in 
the numbers of circulating neutrophiles and 
an absolute decrease in the numbers of 
lymphocytes. These abnormalities could be 
corrected by giving adequate doses of 
pyridoxine. In the same j'ear AlcCall, 
Waisman, Elvehjem, and Jones- described 
similar leucocjTe changes in pyridoxine-de- 
ficient and in pantothenic acid-deficient mon- 
keys. They stated that the reversal of the 
polymorphonuclear to IjTnphocyte ratio also 
occurred in riboflavin deficiencj'. In the 
pyridoxine-deficient animals the reversal could 
not be corrected completeh' by pyridoxine but 
could be corrected by whole liver. Wintrobe 
and his associates^ observ'ed a tendenej’ of 
the granulocjles to increase in pyridoxine-de- 
ficient swine, but there was no reversal of the 

* This ri‘seart-h ivas possible by grouts 

frriin the National \ itainin Foundation and the 
Price McKinney Memorial Fund. 

1 Morgan. A. F., Groody, M.. and Axelrod. H. E., 
Am. ,7. Pltti.'ont., 194(j. 140, 72S. 

- Mel all. K, B., \\ aisnian, II. Elvclijem, 
f. .\.. and .Tones. E. S., .7. Xiilrilinn, I94fi. til, fiS.'i. 

a Wintrobe. M. \V., F<dlis, R. II., Miller. M. H., 
Stein. 11. .1.. Alcayaga. I!., Huni]>hre.vs, S.. Suhst.a, 
A., and farturight. G. K., .7„l„us Ilopl.h^ IIosp. 
ItuU., 1943, 72, 1. 


ratio of polymorphonuclears to lymphocytes. 
Stoerk, Eisen, and John'* described thxTuus 
atrophy and a reduction in the number of 
fixed and circulating hmiphocytes, and Stoerk®* 
described Ijanphoid atrophy and regression of 
rat IjTnphosarcoma in pjTidoxine-deficient 
rats. In order to facilitate the production of 
pyridoxine deficiency, Ott®* investigated the 
antipj'ridoxine activitj- of desoxipyridoxine 
hydrochloride (2,4-dimethyl-3-hydroxy-5-hy- 
droxymethylpjTidine). He found that two 
molecules of the analogue were sufficient to 
offset the vitamin activiU' of one molecule of 
pyridoxine, as measured bj’' chick growth. Un- 
der other conditions’ much larger quantities 
of the analogue are necessarjL These obsen'a- 
tions prompted us to investigate the effect of 
both pyridoxine deficiency and pyridoxine ex- 
cess on the circulating leucocytes and hemato- 
poietic organs of normal mice and of mice 
having various abnormalities of the leucocyte 
pattern. 

Pyrtdoxmc Deficiency in Xor/nal Mice. 

4 Stoerk. II. C.. Eisen. II. N., and .Tohn, II. M., 
.1. Urp. Med.. 1947, 8.7. SfiS. 

Stoerk. II. C., Fed. Prnc.. I94S, 7, 2S1. 

•■■Oft, W. II., Fr.or. .“Soc. Exr. Biol. .\nd Med., 
1940, «S1. 12.-,. 

~ finbreit. W. \V.. nml IVarblell, .1. G., Pnoc. 
Sor. Exp. Biol. .\x!) Med.. 1949. 70. 293. 
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magnitude as the increases in fractional ac- 
tivities. In contrast to these fractions an 
exceptionally great increase in the relative 
activity is found in the Mi fraction. In this 
instance an increase of 14 times for the frac- 
tional activity is to he compared with an 
increase of about 56 times for the relative 
activity. This difference is due to the rapid 
increase in the quantity of the Mj fraction 
which has been described before. 

The values for the relative activities in 
Table I, when added (R, Mj, Ms, S) should 
equal the activities found in the whole hom- 
ogenate (W). Since the two sets of figures 
are in close agreement, it can be concluded 
that the values secured for the relative activi- 
ties give a correct measure for the proportion 
in which these individual fractions contribute 
to the activity of the whole homogenate. The 
increase in activity for the whole homogenate 
found in this series corresponds closely to the 
values obtained previously.® The present 
values are consistently somewhat higher than 
the previous ones since the activity of the 
whole when homogenized in KCl is 18% 
higher than when homogenized in water, due 
to activation by the K ion. For the first day 
after birth the earlier value (W), whicli is 
more than 35% lower than the recent value 
W, forms a “dip” in the curve in previous ex- 
periments. Since the rate of increase in 
activity is greatest up to >the time of birth, 
the present higher value, W, is the more 
reasonable one. The difference between the 
rapid increase in enzymatic activity and the 
slow increase in the quantity of the total 
fraction of myosin proteins (the sum of the 
present fractions Mi -f Mo) which appeared 
previously as a discrepancy can now be e.x- 
plained. ' The former assumption was that 
most of the apyrase activity in muscle at all 
stages of development should be linked to the 
mvosin protein fraction and should remain 
fair!}' constant for the unit of this fraction. 

It now appears that only a minor part of the ^ 
total activity is contributed by the myosin 
proteins; although a large increase m activity , 
does occur rvithin the myosin fraction itself. 

The problem of the nature of the proteins ( 
of the myosin group as well as the relationship 


of the different enz 3 Tnes with apjnase activity 
i is at present in a state of flux. As to the 
; former, discussion centers around Szent-G 3 'or- 
> gld’s' separation of the myosin complex into 
• actin and myosin, and recenth' Bailey seems 
to have found evidence for a new member of 
: the myosin family (his tropom 3 'osin). En- 
zymes with apyrase acti\dt 3 '- ^nd distinctly dif- 
ferent properties recently have been described 
from various sources®'^® and even in muscle a 
distinction of ATPase enzymes was recently 
claimed. The fact that there is an increase 
during embrymnic differentiation of all frac- 
tions of muscle tissue is in agreement with 
the observations of Potter, Flexner’® 
Barth, and Moog^® who find an increase 
in apyrrase enzymes during differentiation in a 
great variety of mammalian and even inverte- 
brate tissues. In these instances the increase 
means a more or less indirect role of apymases 
in the elaboration and maintenance of specific 
structures and functions. In the Mi fraction 
this relation is a more direct one since the 
development of enzymatic and structural prop- 
erties of the myosin proteins in muscle repre- 
sents directly the products of dift’erentiation in 
a highly specialized tissue. 

Summary. In a quantitative chemical study 
of developing muscle there is a greater activi- 
ty of adenosinetriphosphatase than is warran- 
ted by the increase in amount of myosin pro- 
teins. In order to ascertain the reason for 
this discrepancyr determinations of phospha- 
tase activity were made on fractions of devel- 

" Szciil-Gyorgyi, A., Chemistry of Miiseuliir Con 
traction. Academic I’re.ss, Inc., Xow York, 194<, 
1.50 pp. 

s Bartli, L. G.. and Jaeger, L., C<U. inirJ Comp. 
Physiol, 1947, 80, 111. 

9 Kietley, lY. \V., and Jlcycrhof, 0., J- t’V't 
Chrm., 1948. 174, 387. 

If Zeller, F. A., Psperientia, 194S. l.T, 194. 

" Potter, V. R.. Schneider, W. C„ and LioM, 

G. J., Cancer liescarch, 1945, 5, 21. 

1-’ J'lexncr, J. B., and Fie.xner, L. B., Ceil, anti 
Comp. Ph;i.i>ol. 1.948, 31, .311. 

13 Barth, L. G., J. Trans. A’. Y. Acatl Set., 1919, 
Ser. II, Vol. 11, 108. 

n .laeger, L., and Bartli, L. G., J. Cell 
ComjK Pfii/siot., 104S, 339. 

Moi.g, F., Exp. ZooJ.. 1947. 105, 209. 
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leucocvte pattern to normal. Total and dif- 
ferential leucocj'te counts ivere done tirice 
■sveekly. At autopsy, sections of liver, spleen, 
marroiY, thjTnus, hunph nodes, and both 
adrenals were taken for histologic study. 

As shown in Fig. 1, a complete reversal of 
the ratio of granulocytes to leucocytes occurred 
veiy promptly after desoxj-p\-ridoxine was 
started, with development of absolute granu- 
locytosis and lymphopenia. W'ithin 3 daj's 
after the p\Tidoxine supplement was started 
restoration of the normal leucoc\-te pattern 
had begun, and was complete 14 days later 
(36th day). iMter the reduction of the dose 
of desoxj-pyridoxine during the initial period, 
only one animal died and the others remained 
in apparent good health. There was no sig- 
nificant weight loss, and they did not develop 
ruffled fur, comnilsions, or obvious neurologic 
disturbances. Red blood cell counts were not 
done in this experiment, but, in a preliminary 
experiment which was conducted under iden- 
tical conditions except for a lower dose of sup- 
plementary pyrido.xine, the mean ertdhrocyte 
count did not change significantly. 

M autopsy on the 36th day no gross or 
microscopic abnormality could be detected in 
the tissues. In order to obtain material for his- 
tologic study at a time when the reversal of the 
granulocyte to Iraphocyte ratio was estab- 
lished, 20 mice were maintained on the regimen 
described above, but were not given the sup- 
plementary pyridoxine. Fifteen of the 20 sur- 
\-ived to be killed on the 37th day, at which 
time granulocytosis and lymphopenia, with a 
complete reversal of the ratio, had been pres- 
ent for 32 days. None of these animals showed 
any evidence of lymphoid atrophy. The thy- 
mus glands and lymph nodes were normal in 
appearance, and the splenic follicles were, if 
anything, slightly hj-peractive. There was no 
increase in the size of the adrenal glands or 
demonstrable change in their cytological struc- 
ture. The marrows showed possible increase 
in cellularity due to increased numbers of 
granulocytes without increase in immature 
cells, although this change was not marked. 
The liver of one animal that died early showed 
extensive hemorrhagic necrosis. The liver of 
another that survived to be killed showed a 
few small foci of necrosis. There is reason to 


believe that a generalized tissue deficiencr' of 
pTOdoxine had not been established. Growth 
was not impaired, convulsions did not occur, 
there was very- slight anemia, and hunphoid 
regression or atrophy was not present at 
autopsy. It is likely that a partial deficiency 
is sufficient to produce the leucoc\-te 
shift without producing other demonstrable 
changes. 

E§cct oj Pyridoxine Deficiency on the 
Lcttkentia of Ak Mice. In mice of the .Tk 
strain the intravenous injection of cells from 
diseased older animals produces leukemia in 
100% of younger animals.® In the animals 
now being bred in this laboratory this is be- 
lieved to be a mixed Uyie of leukemia, in 
which both adult granulocytes and adult lym- 
phocytes participate, with the appearance of 
small numbers of immature blastic cells. .About 
10 to IS days after transplanting, the total 
leucocyte count begins to rise. It remains 
elerated for 10 to 20 days and then falls to- 
ward normal levels shortly before the animal 
dies. Death usually occurs 25 to 35 days after 
the transplant. Differential counts show that 
the initial rise is due to an increase of granulo- 
cytes. The ratio of these cells to Ijanpho- 
cytes may be as great as 4 to 1. As the 
leukemia progresses the lymphocytes increase 
and, coincidentally with this rise, the granulo- 
cytes begin to fall and reach normal levels 
when the lymphocytes are still elevated. -At 
death any elevation of counts above normal 
is due to increased numbers of h'mphocytes. 
The immature blastic cells appear in small 
numbers at the height of the leucoci'tosis and 
persist until death. The effect of pyridoxine 
deficiency on this leucocyte pattern was in- 
vestigated. Fourteen weanling .Ak mice were 
placed on a diet of Purina dog chow. On the 
first day all animals were given intravenous 
injections of a suspension of cells from bmph 
node and spleen of a diseased older animal. 
On the Sth day a group of 9 was started on 
deso.\yp}Tidoxine hydrochloride. Each was 
given l.S mg subcutaneously twice daily. Total 
and differential leucocyte counts were done at 
the end of the first week and twice weekly 

eweir. D. E., and llcinlc. E. W.. Proc. !^ 0 C. 
Exp. Biol. .\nd ilKo., 1!>47, og. ios 
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Fig. 1. 

Loueocj-tc changes in pyridoxino-doficicnt normal mice. 


Weanling mice of a Swiss strain were placed 
In. cages with mre-mesh bottoms. They were 
led ad libitum a modification of a pteroylglu- 
tamic acid'deficient diet which has been de- 
scribed previously;® pyridoxine and succinyl- 
sulfathiazole were not included. The animals 
were given pteroylglutamic acid intraperiton- 
eally in daily doses of 20 pg. In addition 
desoxypyrido.xinef was given subcutaneously 
as a 2% solution of the hydrochloride. In a 
preliminary experiment, daily doses in excess 
of I mg were fatal within ten days. On a 1 
mg dose the mean survival time was 20 days 
and weight loss was marked. Many of the 
animals developed the expected granulocytosis 
and lymphopenia but several did not. In a 
second experiment the animals were given 2 
mg daily for a week and then 1 mg daily. 
A'rain the leucocyte response was variable and 
wdght loss occurred rapidly. Also the leuco- 
cyte changes could not be corrected completely 


StVeir, D. E-, Heinle, B. W., and Welch, A. D., 
Pkoc. Soc. Ext. Bior,. and Med., 1948, CD, 211. 
t Kindl.r furnished hy Merck & Go., Inc. 


by the administration of pyridoxine. These 
unsatisfactory results using a purified diet 
suggested a trial of a crude diet (Purina dog 
chow) supplemented' by larger amounts of de- 
soxypyridoxine given parenterally, as a pos- 
sible means of producing the desired alteration 
in the leucocyte pattern. This approach 
proved successful. Twenty Sm'ss mice were 
fed Purina dog chow ad libihnn. On the 6th 
day subcutaneous injections of desoxypyri- 
doxine HCI in a 2^ solution were started. 
From the 6th to the 12 th day 8 mg were given 
daily in 2 doses of 4 mg each at an interral 
of 8 hours. Because of a high mortality in 
the animals the doses were then halved to 
supply 4 mg daily, and this was continued 
to the end of the experiment; during this 
period only one mouse died. Supplementary 
pyridoxine HCI (0.2%) was added to the 
ground diet on the 19th day. Since the mice 
ate from 3 to 6 g of dog chow daily, they were 
supplied with 6 to 12 mg of supplementary 
vitamin dail}'. Smaller amounts used in pre- 
liminary experiments had failed to restore the 
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transaminase and co-decarbosjdase.^^’® In 
the intact normal animal the various com- 
pounds of the group presumably are freely 
interconvertible.^*--“ From these considera- 
tions, the h\TX)thesis is suggested that the 
granulocytosis in pyridoxine-deficient mice is 
due to the failure on -the part of the animals 
to transaminate, decarboxjdate, or otherwise 
modify unneeded supplies of granulocyte- 
building substances, and that the animals 
thereupon utilize these .unneeded supplies in 
producing excess numbers of granuloc 3 ’'tes. It 
is not necessary to assume that the reverse 
would be true. A further hj'pothesis may' be 
made that the granulocytosis of a disease state 
such as human myeloid' leukemia may' be due 
to a defect in the absorption or utilization of 
idtamins of the group. Although freely 
interconvertible in the intact animal, this may 
not be true of them in the diseased animal. 

Gunsalus, I. C., Bellamy, tV. D., aud Umbreit, 
XV. V,'.. J. Biol. Clicm., 1944, 155, 685. 

ifi Liclisteiu, H. C., Gunsalus, I. C., aud Umbreit, 
IV. yv., J. mol. Chcm., 1943, 101, 311. 

i" Ames, S. R., Sarma, P. S., and Elvehjetn, 
C. A.. J. Siol. Chcm., 1947, 107, 135. 

IS Boiler, J. M., and Martin, G. J., J. Siol. 
Chcm., 1947, 109, 345. 

n* Sarma, P. S., Snell, E. E., aud Elvebjem, 
C. A., Proc. Soc. Exp. Biol, akd Med., 194G, 63, 
284. 

-0 .T unqucira, P. B., and Scliwcigert, B. S., 
.7. Siol. Chcm., 194S, 174, G05. 


Further investigations in mice and in leukemic 
human beings are in progress to test the 
validity' of these hypotheses. It has been 
demonstrated that adrenocorticotropic and 
adrenal cortical hormones 17111 cause granulo- 
cytosis and lymphopenia in animals.-^'— In 
our histologic material we could not demon- 
strate eiddence of adrenal cortical hyperplasia. 

Summary. 1) Pyridoxine deficiency in mice 
produces granulocy'tosis and ly'mphopenia. 2). 
The leukemia of the Ak mice now being bred 
in this laboratory' is participated in by both 
granulocydes and lymphocy-tes. In pyridoxine 
deficiency the leukemic granulocy'tosis is more 
severe and the survival time of the animals is 
decreased. 3) The hypothesis is advanced that 
the granulocytosis in pyridoxine-deficient mice 
is due to the failure on the part of the 
animals to perform metabolic functions in 
which pyTidoxine derivatives play' a cataly'tic 
role; thus, supplies of compounds used in the 
formation of granulocytes accumulate, and, as 
a result, the animals utilize this plethora in 
producing excess numbers of granulocytes. 
The implications of this hypothesis are dis- 
cussed. 

21 Valentine, tV. X., Craddoek, C. G., Jr., and 
Lawrence, J. S., Slood, 1948, 3, 729. 

22 Hills, A. G., Forsbam, P. H., and Fincb, 
C. A., Blood, 1948, 3, 755. 

Received -Angust 10, 1949. P.S.E.B.M., 1949, 72. 


Device for Measuring Blood Pressure in the Unanesthetized Rat. (17468) 
Gordon L. Farrell and Evelyn Anderson 

From the Experimental Biology and .Medicine Institute, National Institutes of Health, Bethesda, Md. 


The simple technic for measuring blood 
pressure in the rat described here consists of 
placing a cuff permanently around the ab- 
dominal arorta and vena cava just above 
their bifurcations and measuring the blood 
pressure by means of an oscillometer and 
mercury' manometer. 

Description of the Apparatus and Its Use. 
The aortic cuff is shmim in Fig. 1. It con- 
sists of a latex bulb with a short stem which 



is fitted on to a piece of plastic tubing, and 
a plastic shell into which the bulb is inserted. 
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Pyridoxine and Leucocyte Production 



Fig. 2. 

The effeet of pyridoxine deficiency on the grnnu- 
loeytosis of Ak mouse leukemia. 

thereafter. The mean survival time of the 
animals receiving desoxypyridoxine was 24.6 
days as compared to 31.8 days for the con- 
trols. This decrease in survival time is sta- 
tistically significant. The value for P is 
less than 0.02.“ The leucocyte patterns are 
shown in Fig. 2. In the early stages of the 
leukemia the granulocyte counts of the ex- 
Derimental animals were generally higher than 
those of the controls. On the 25th day and 
thereafter all the granulocyte counts of the 
experimental animals were 2 to 6 times as 
crrLt as, the highest count show by the 
Sntrols during the same period The lympho- 
cyte counts of the expenmental animals were 
SLrallv lower than those of the controls but 

t cnleen bone marrow and lymph 

“T° ate a?Sp“ 

MerenS betOT Ibe “<> 

trol , groups. _________ — — ; — 

ja Alcti.ods for Bc- 

j:r«OUver-i>Bora,Bdin.urgi..^ 


Preliminary Studies oj the Ejects oj Pyri- 
doxine in Excess. Groups of normal mice were 
given parenteral pyridoxine HCl in divided 
daily doses of 8 and 16 mg for a period of 
48 days. None of the animals showed any 
significant change in the leucocyte pattern. 
Three groups of 5 Ak mice were injected 
intravenously with a leukemic transplant. All 
were maintained on dog chow diet. One group 
received 2 mg of parenteral pyridoxine HCl in 
a single daily dose; another group received 4 
mg; and the third group served as controls. 
The pyridoxine supplement failed to influence 
the course of the leukemia or to alter the histo- 
logic findings at autopsy. During the study 
of a myeloid metaplasia factor from human 
urine Heinle, Hirschmann, and Wearn** ob- 
served that the injection of certain extracts of 
urine from patients with chronic myeloid leu- 
kemia, produced a moderate to marked granu- 
locytosis in mice. The effects of e.xce^ 
amounts of pyridoxine on this granulocytosis 
was studied. Ten adult Swiss mice were given 
for 10 days daily injections of a urine extract 
known to be potent. Five of these also were 
given pyridoxine hydrochloride parenterally 
in doses of 8 mg Uvice daily. The mean poly- 
morphonuclear count of the 10 animals at 
the beginning of the experiment was 3370 per 
cu mm. At the end of the 10 day injection 
period the mean for the group receiving pyn- 
doxine was 32,615; for those not receiving 
pyridoxine it was 43,544. The difference is 
not statistically significant. 

Discussion. The results indicate that a de- 
ficiency of pyridoxine causes an increase m 
granulocyte production in normal mice an 
Tn mice dying from transplanted- leukemia, it 
is known that vitamins of the Be group take 
part in transamination and decarbo.xy a 
tion,“'^'' and that the active compound is a 
phosphorylated form of p yridoxal acting as co- 

u Heinle, R. W., Hirschmann, H., and tVeari.,, 
J. T., Approaches to Tumor Chcmother.-ipy, 

"k Schlenk, F., and Snell, E. F,., J- 7?'"!. Chrm., 

1945, 157, 425. , r r T Sad., 

13 Bellamr, W. D., and Gunsalus, I. C., ■/. ^ 

1943, 40, 573. , 

H Gunsalus, I. G., and Bcll.amy, W . D., ■ • 

1944, -47, 413. 
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OsciUrimct«r and manometer hooked up with pressure bottles. 
The oscillometer is connected to the tubing from the animal. 


aorta and vena cava a few days before the 
first readings were made. Afterwards the 
blood pressure measurements were determined 
3 times a week or oftener, over a period of 5 
weeks. These readings are shown in Table I. 
The average of 540 blood pressure readings 
taken on the 20 normal unanesthetized rats 
over a 2 month period was 130 mm Hg. 

The readings obtained by the cuff method 
were compared with the systolic pressure in 
the femoral artery^ measured intra-arterially 
by means of a capacitance manometer de- 
signed by Noble.’^ These readings were made 
on rats anesthetized with ether. Immediately 
after the intra-arterial reading, while the 
animal was still asleep, blood pressure readings 
by the cuff method were made. Twenty-nine 
rats were used for this study. Ten of this 
group had been made hypertensive by enclos- 
ing the left kidney with a late.v capsule and 
remo\ing the right kidney (Abrams and So- 

1 Xoble, F. W., Third Conference on Factors 
Itcfnil.ating Blood Frcssurc. May S-C, 1949, Josiali 
^^3cy. Jr. Foundation, Xctv York. 


bin-). The remaining 19 rats were the normal 
animals which had been used previously for 
the blood pressure readings recorded in Table 
I. The comparative data are presented in 
graph form in Fig. 4. The intra-arterial sys- 
tolic pressure for a given rat is plotted as 
the ordinate and the pressure reading by the 
cuff method as the abscissa. The diagonal 
line represents perfect agreement. The read- 
ings by the 2 methods in both normal and 
hypertensive animals tend to fall along this 
line. The average intra-arterial systolic pres- 
sure for the 19 normal animals was 121 15 

mm Hg and the reading by the cuff method 
while the animals were still under ether was 
118 = 15 mm Hg. Because of the close 
correlation of the readings by the 2 methods 
it is assumed that the readings by the cuff 
method indicate the approximate systolic 
blood pressures. It has been noted, however, 
that when the cuff is inflated to the “systolic 
pressure" reading the aorta may not be corn- 
s’ Abrams. M., and .Sobin. S.. Pr.oc. Soc. Exp. 
Biol. ani> Med.. 1947. 04. 412. 
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To make the bulb a glass bead 4 mm in 
diameter with a stem attached is dipped into 
liquid latex. After drying for 24 hours, the 
latex is vulcanized by e.\-posure to sulfur 
chloride fumes for one minute, and then wash- 
ed under running tap water. After drying, 
the bulb is powdered and peeled off the mold. 
The short stem of the bulb is fitted into the 
end of a 12 cm piece of 18-gauge polyethylene 
tubing. The tubing is reinforced where it 
is fitted into the capsule by a 4 mm length of 
18-gauge stainless steel tubing. The shell of 
the cuff consists of a plastic tube (Tenite II) 
6 mm long with an inner diameter of 4 mm 
and an outer diameter of 6 mm. The shell is 
split lengthwise so that it can be slipped' 
around the aorta. A 3 mm hole is drilled in 
the shell just opposite the slit and midwa}^ 
between the two ends. The bulb is fitted into 
the shell, with the tubing brought out through 
the hole. The bulb should just fill the inside 
of the shell. The cuff is washed in hot run- 
ning tap water for 4 hours and then stored in 
70% alcohol. Before use, each cuff is tested 
to withstand an air pressure of 300 mm Hg. 

To place the cuff on the aorta the animal 
is anesthetized with ether and a midline in- 
cision is made in the abdomen. The aorta and 
vena cava are dissected free from the sur- 
rounding tissue, but are not separated from 
each other. Isolating the aorta was found 
to be difficult because of the danger of tearing 
the vena cava in the operation. The cuff is 
placed around both vessels just above their bi- 
furcations. The shell is tightly closed with 
a strong ligature and secured firmly to the 
surrounding tissues. The tubing is brought 
through the posterior wall of the abdominal 
cavit}'- and carried under the skin to the back 
of the neck where it is brought to the outside. 
In this position the tube cannot be disturbed 
by the animal (Fig. 2). Special care must be 
taken to prevent moisture from accumulating 
in the tube or bulb which could falsify pres- 
sure readings. There is no evidence that the 
animal suffers any inconvenience from 
cuff Autopsy examination of the aorta with 
the cuff in slin made 2 to 3 months after 
'inserting the cuff has revealed very little 
fibrous tissue formation. 

Blood pressure readings are made with the 



use of an improvised oscillometer and a 
mercury manometer. This apparatus is shown 
in Fig. 3. The animal is placed in a metal 
holder (L) or in a 500 cc beaker. There is 
no struggling since the animal is not iincom- 
fortable or irritated in any way. The tube 
from the cuff is connected with an oscillometer 
which consists of a 15 mm length of 1 mm 
capillary tubing (K) connected with a pres- 
sure bottle ( G) . The capillary tube contains 
a small drop of colored alcohol which serves 
as an indicator of the oscillations which are 
transmitted from’ the aorta. The pressure 
bottle G has a mercurj’- manometer attached 
and it in turn is connected unth a bottle of 
compressed air (A). The cuff is inflated 
through the capillary oscillometer mth air 
supplied at a steady smooth flow through a 
hypodermic needle (F) from the reservoir A 
which has been adjusted to deliver pressures 
from 0 to 300 mm Hg in about 30 seconds. 
As the pressure rises in the cuff and oscillom- 
eter, the alcohol bead travels toward the cuff 
and shows distinct oscillations which reach a 
maximum intensity, gradually decrease, then 
abruptly diminish. The point of diminution 
is taken as the endpoint, A manometer read- 
ing is made at this point. A small pulsation 
persists after the endpoint. The pressure in 
the cuff is quickly released through the side 
tube H. Three to 5 readings are made at 
one-minute intervals. 

Experimental data. This method for meas- 
uring blood pressure in the unanesthetized rat 
has been tested' on a group of 20 normal male 
rats of the Sprague-Dawley strain which 
weighed from 103 to 165 g at the beginning 
of the study. Cuffs were placed around the 
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Precipitation of Insulin by Lysozyme and Effect of the Complex on the 
Blood Sugar Level. (17469) 

Victor Ross 

From the Department oj Biochemistry, College o{ Physicians and Surgeons, Columbia University, 

Kevj York City. 


Because of the possible therapeutic appli- 
cation of a lysozyme-insulin. complex, the prop- 
erties of which might be expected to resemble 
those of protamine-insulin, experiments have 
been done on the precipitation of insulin by 
crystalline egg lysozyme (Armour) isoelec- 
tric point 10.5 to lE'- and lysozcnne which 
was treated in several different ways intended 
to destroy its lytic power as tested on M. lyso- 
deikticus. The effect of the resuspended pre- 
cipitates on the blood-sugar level of rabbits 
was also tested. 

Table I shows the data obtained in measur- 
ing the precipitation of zinc-containing crys- 
talline insulin dissolved in a minimal volume 
of N/lOO HCl, adjusted to pH 7.3 nith N/lOO 
XaOH and made up to 0.10% concentration. 
The indicated quantities of a 0.10% (uncor- 
rected for 9,56% moisture) solution of lyso- 
Z 3 ’me were added to 1 ml of the insulin solu- 
tion and the volume made up to 2 ml with 
water. After standing over night the tubes 
were centrifuged and the supernatant fluids 
tested for insulin and h’sozjTne bj*^ adding 
more of one or the other reagent. The pre- 
cipitates were washed twice with 2 ml of 
water, centrifuging both times, and anah'zed 
for nitrogen by the Kjeldahl method using 
H 2 S 04 and for digestion, the color be- 
ing developed with Xessler’s reagent and meas- 
ured in a photoelectric colorimeter. .411 the 
mixtures were set up and analyzed in dupli- 
cate. 

While 0.60 ml of a 0.10% solution of un- 
treated lysozj-me precipitated almost all the 
insulin in 1 ml of the insulin solution,* 96% 
of the total nitrogen present in the 2 reactants 
being found in the precipitate, 0.90 ml of lyso- 
z\'me solution which had been a) dissolved in 

’ Meyer, K., Tliompson, R.. P.-ilmer, ,1. tV., and 
Khonizo, D., .T.B.C.. 1930, 113, 303. 

2 Atderton. G.. and Fevold, H. L., 1945, 

ir>7. 43; ibid., lOlO, 1«4, i. 


75% ethanol and heated in a boiling water 
bath for 2 hours,! b) dissolved in water and 
heated in the autoclave at 123 °C for hour,! 
c) dissolved in water and photodymamically 
treated (1-250,000 methylene blue and ex- 
posure of a thin lay^er of solution in a Petri dish 
to daj'light for 6 days!) precipitated respec- 
tiveh' 64%, 80% and 75% of the insulin. 
Untreated h'sozjune added in excess of that 
required to precipitate all the insulin (at least 
up to the addition of an excess of 50% ) did not 
change the quantity of nitrogen in the pre- 
cipitate, but remained in the supernatant fluid. 
It was also found (not recorded in the table) 
that the addition of tuice as much insulin as 
was required to combine with a given quantity' 
of h'sozyme resulted in the excess remaining 
in solution. 

Rabbits weighing 2.5 to 2.8 kg were in- 
jected subcutaneously' with 0.086 ml of K'so- 
zyme-insulin suspensions containing 20 units 
of insulin per ml and prepared with (a) un- 
treated lysozyme, (b) untreated lysozyme with 
added zinc, (c) lysozyme in 75% ethanol solu- 
tion and heated as described, (d) ly'sozyme in 
water solution and autoclaved as described, 
(e) lysozyme photodymamically treated as de- 
scribed, followed by' additional exposure for 
18 hours to a 200 watt Mazda lamp at a dis- 

* Taking tlic molecular weight of lysozyme as 
13,9003 and that of insulin as 32,000t (as found 
in 0.25’>o solution) it .ajipears that 5 molecules of 
the former combine with 4 of insulin. Moisture 
content of the insulin was disregarded. The small 
quantity of zine in the insulin (ca. 0.28 y per unit) 
may have an influence on this ratio. 

3 Fromageot, C., and Privat de Garilhe, M., 
Biocliim. cf Biophys. Acin, 1949, 3, S2; Palmer, 
K. J., Ballantyne, M., and Galvin, J. J.A.C.S., 
1948, TO, 90G. 

•> Gutfreund, H., Biochem. .T., 1948, 42, 15C, 544. 

t Lytic power for M. lysndcihticu.s was de- 
stroyed by this treatment. 

t I.ytic power for If. lysodcihticus was about 
10(;r of the original value after this treatment. 
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TABLE I. 

Systolic Blood Pressures as Determined by the Oscillomctrie Mctliod on a Groui) of 20 Adult 
Male Eats Over a 2-Montli Period. 


Blood pressure, mm Hg ivcekly avg 


Eat No. 

1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

,8th' 

Avg for S-Avk 
period 

760 

123 

129 

119 

119 

117 

120 


121 

121 

761 

125 

123 

115 

120 

116 

124 

124 

132 

122 

762 

137 

121 

124 

123 

137 

137 

127 

142 ■ 

131 

763 

139 

134 

134 

143 

136 

126 

120 

133 

133 

764 

140 

119 

123 

128 

117 

129 

129 

128 

127 

765 

134 

126 

133 

123 

117 

131 

142 

138 

131 

767 

139 

126 

124 

126 

111 

124 

121 

126 

125 

768 

128 

110 

123 

129 

120 

134 

141 

143 

129 

769 

138 

108 

132 

118 

119 

130 

148 

163 

134 

770 

136 

129 

125 

126 

113 

133 

131 

133 

128 

771 

141 

118 

133 

127 

133 

141 

135 

135 

133 

772 

126 

126 

115 

126 

130 

130 

135 

135 

128 

773 

124 

116 

130 

120 

120 

120 

130 

133 

125 

774 

121 

124 

125 

137 

127 

133 

132 

137 

130 

775 

— 

142 

130 

122 

146 

134 

149 

138 

137 

776 

136 

133 

140 

145 

137 

155 

120 

— 

138 

777 

120 

129 

130 

131 

129 

135 

— 

— 

129 

778 

131 

141 

145 

160 

138 

— 

— 

— 

143 

7-79 

— 

124 

128 

129 

141 

125 

136 

133 

131 

781 

— 

133 

126 

113 

118 

120 

122 

123 

120 

IVeekly 

group avg 

131 

126 

128 

128 

126 

131 

131 

135 




SYSTOUC PRESSURES MM HC BY O5C»LU0METRIC METHOD 


Pig. 4. 

Comparison of tlic intra-arterial pressure by the 
capacitance manometer with the indirect pressure 
bv the oscillomctrie method. 


pletely occluded', for pulsations are still re- 
corded by the capacitance manometer. 

Simultaneous occlusion of the thoracic 
aorta and inferior vena cava has been shown 
to increase blood pressure in the dog (Bar- 
croft^). However, in our observations no 
measurable change occurred in the intracaro- 
tid pressure when taken simultaneously w'ith 
the pressure readings made with the cuff on 
the abdominal aorta and vena cava. 

Summary. A device for measuring blood 
pressure in the aorta of the unanesthetized’ rat 
is described. It is simple and permits an un- 
limited number of readings over a long obser- 
vation period. 

s Barcrof t, H., J. 280. 

Received Rept. 9. 1949. P.S.E.B.M., 1949, 72- 
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Fig. 1. 

Blood-sugar curves follovs-ing injection of lysozyme-zinc-insulin, protamine-ziue-insulin and 
zinc-insulin into raWits. See te.vt for description of tlie preparations injected. 


tance of 8 inches.^ Three ■/ of zinc!! per unit In both days’ eeperiments the t^lues, 
of insulin were added to samples B, C, D hours after administering lysozme-insulin, 
and E. were either appro.Yimately the same, or some- 

Samples A. B and C were tested simultane- what lower than following protamine-zinc- 
ously, along nith a protamine-zinc-insulin insulin. Between and 3 hours, 4 of the 
reference standard containing 40 units of 5 cuiy'cs for lysozjTne-insulin and 1 for pro- 
U.S.P. zinc-insulin and 91.5 -/ of zinc per ml,*^ tamine-zinc-insulin were slowly rising. Five 
of which 0.043 ml were injected. On the second hours after the injections the blood-sugar 
day. the remaining 2 samples of lysoz\'me-in- values were, respectively, 80%, 70%, 66%, 
insulin were tested, along viith the reference 58% and 66% of the fasting levels for 
standard of protamine-zinc-insulin and a solu- samples .A, B, C, D and E and 36% and 52% 
tion of U.S.P. zinc-insulin crj'stals containing for the 2 protamine-zinc-insulin samples. Two 
40 units per ml, of which 0.043 ml were admin- hours later the corresponding figures were 98, 
istered. Blood was drawn from the marginal 92, 89, 74 and 91 and 73 and 53. In the 
ear vein before, and 1^4, 3, 5 and 7 hours case of insulin in solution the blood-sugar was 
after administering each of the insulin prep- back to the fasting Ie%-el in 5 hours, 
arations to 6 rabbits, and was analyzed by the if any therapeutic application is to be made 
U.S.P. XIII method. of lysozy-me-insulin it will have to be shown 

The average blood-sugar values found in that repeated injections do not sensitize to 
the fasting state and IJ4, 3, 5 and 7 hours lysozsTue. Crj-stalline lysoz%-me has been re- 
after the injections for the 6 animals** in ported to be mildly antigenic.-' Less pure 
each group are sho-wn graphically in Fig. 1. preparations are reported to be non-antigenic.® 

pon gently evaporating the heated, alcoholic 

lUc Ilf tlie original value after tins treatment. •• Tlie results for one ralibit injected with pro- 

Tlhs. anil the use of oOe^ more lysoz^-me than taniine-zine-insulin in the «i‘conil proup of experi- 
was ri-fiuireil to precipitate all the insulin when ment.s who had convulsions and died arc not in* 
usinj; untreated lysozyme, resulted in complete eluded in the curve. 

precipitation of insulin and the pre.sence of ly>o- Smollcns, .1.. and Cliarney. .T., .7, Burt.. lOtT, 
zyme ill the supernatant fluid of all the roi.vture.s. 51, lOJ. 

* This is smiienhat less than the .1 7 zinc per « Kipasawa, T., ZUchr. f. ImmvnihUsforscJ,., 
unit of in-ulin in samples B, C, D. and E. 102S, r>7, 110 ; Wolf, L. K.. iMd., 50. SS, 
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5 ml. Enough diatomaceous earth (5-7 g) 
was added to this concentrated urine sample 
to form a friable powder which was dried at 
75-80'’C in vaato (7-10 in.) for 16 hours. 

The dry powder was transferred to a War- 
ing Blender, 35 ml of CHCls (U.S.P. grade) 
added, and the mixture stirred for one minute. 
The mixture was transferred to an Erlenmeyer 
flask; then the blender was rinsed with 15 ml 
of CHCls, which also was poured into the 
Erlenmeyer flask. The flask was stoppered 
with a cork covered with aluminum foil, and 
the mixture shaken for an hour, then filtered. 
The residue was washed 3 times with 15 ml 
portions of CHClg, pressing out excess solvent 
each time, and the combined filtrate and 
washings evaporated on the hot plate to a 
volume of 1 ml. This last quantity was 
quantitatively transferred to a 25 ml Erlen- 
meyer flask and evaporated to dryness by 
heating in the vacuum oven for one half hour. 
The dr\' residue was taken up in one ml of 
95% ethanol by shaking for one hour, the 
alcoholic solution decanted to a clean Erlen- 
meyer flask, the original flask washed with 
one ml of alcohol, and the solution together 
with the ethanol wash dried in a vacuum oven 
for 30 minutes. Five ml of CHCln were added 
to the dr\’ residue, boiled down to one ml, 
allowed to stand for 30 minutes, decanted into 
a fresh Erlenmeyer flask, the original flask 
washed with CHC1-, and the combined solvent 
evaporated to complete drxmess in vacuum 
oven. Fifty ml of T 3 'rode’s solution were 
added to the final residue and the flask shaken 
for one hour. The isolated embrj-onic duck 
heart was found to beat in this final solution 
as regularlj- and as normally as it did in pure 
Tyrode's solution. 

Known amounts ( 1-12 ftg) of pure digiloxin 
(Sandoz) then were added to 200 ml quanti- 
ties of human urine and the urines were ex- 
tracted as above. It was found that the final 
extract produced a “digitalis effect' - if two 
or more micrograms of digitoxin were added 
to the original 200 ml of urine. Moreover, the 

1 Riiit'. E., .tr., and Fru-dmiin. it., Pr.oc. Soc. 
Exp. Him., axp Mrn., lots. «9, 4S7. 

- Friodmaii, 3r., and nine, R., .Tr., Pr.oc. .Soc. 
Exp. Bim.. .\xi) Mi n., 1P4S, 07, ssa. 




468 


Renal Excretion of Digitoxin 


solution described above to dryness the lyso- 
zyme was found to be insoluble in water. 
This may be taken as an indication of de- 
naturation. While a marked serological 
change follows denaturation it does not 
necessarily destroy antigenicity. More study 
of the antigenic properties of lysozyme seems 
indicated. 

The presence of lysoz 3 Tne in secretions and 
tissues" suggests a possible precipitating effect 
on insulin in vivo. The solubility of the 
complex in serum is sufficiently great, however, 
to make this unlikely. 

Summary. Crystalline egg lysozyme precipi- 
tates insulin. The complex produces a prompt 

1 1'lcming, A., and Allison, V. D., Brit. J. Exp. 
Fatli., 1922, 3, 252. 


lowering of the blood-sugar level in rabbits. 
Precipitates formed by mixing insulin nith 
lysozyme which has been heated, or treated 
photodynamically so that 90 to 100% of its 
lytic activity on M. lysodeikticus is destroyed, 
but about 60% of its precipitating power for 
insulin is left, produce a hypoglycemic re- 
sponse which, up to 7 hours after injection, is 
intermediate between that resulting from the 
injection of insulin in solution and that follow- 
ing administration of protamine-zinc-insulin. 

I wish to record ni.v appreci.ition to Mr. E. K. 
Wolfe of the Biochemical Control Department of 
Sharp and Dolune, Inc., Glenolden, Pa., for per- 
forming the animal experiments. 

Keceived October 5, 1949. P.S.E.B.JI., 1949, 72 


Renal Excretion of Digitoxin in Man Following Oral Administration.* 

( 17470 ) 

Mei-er Friedman, Sanford 0. Byers, Rene Bine, Jr., and Catherine Bland 
(With the technical assistance of Fred G. Michaelis) 

From the Mount Zion Hospital, Brtinn Institute for Cardiovascular Research, San Francisco, Calif. 


The amount of digitoxin excreted in the 
urine of human subjects receiving the drug has 
not been determined, primarily because of 
previous inability to measure minute amounts 
of any type of digitalis glycoside in biological 
media. However, the discovered sensitivity of 
the embryonic duck heart preparation^ to 
minute amounts of digitoxin when present in 
Tyrode’s solution and human serum offered 


the possibility that this method also could be 
used for the quantitative detection of digitoxin 
excreted in the urine of patients receiving the 
drug. The preliminary results of this study 
are reported herein. 

Methods. A human urine sample of 200 
ml was boiled dowm to approximately 50 ml 
on a hot plate and thereafter more slowly 
evaporated until the volume was reduced to 


TABLE 1. 

KelatioBship Between Initial Concentration of Digitoxin in Human Urine (200 ml) and Time 
of Occurrence of Digitalis Effect” in Final Extr.aet. 


Amt. dig. added 
(pg) 

~ ^ 

2 

3 

4 

■' 6 
8 
W 
12 


No. of extracts 
assayed 
_ 

12 

10 

11 

9 

10 

5 

6 


Life Insurance 

deat?H Jatd. Fund, The United States Pub- 


Avg time, “ dig. effect 
(min.) 


47 

35 

27 

22 

17 

14 

11 


lie Health Sen-ice, 
Works. 


S.E. of mean 
(min.) 


2.28 

1.82 

1.45 

1.14 

0.73 

0..35 

0.20 

.and the Sandoz Chemical 
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TABI.E I. 



Tests 

for Adrenotrophic 

Activity in 

Human Erine. 


Eofcrc-iice 

Source 

Preparation 

Total vol. 
per animal, 
ml 

Assay method 

Adreno- 

tropliic 

activity 

DeBoissezonl 

(1930) 

Pregnancy 

Entreated 

16 

Iner. in adrenal wt and 
cholesterol in intact 
guinea pig 

Yes 

P.nsckkis, 

R.ikoff, and 
Cantaro\v2 
(1942) 

N ormal 

70-80% ethyl 
alcohol 
precipitate 

Not stated 

Incr. in adrenal rvt in 
intact 2-day-old chicks 
and 4-day-old rats 

Yes 

.Tones and 
Buclior" 

(1943) 

Noniial 

Fractional 

ammonium 

sulfate 

precipitates 

200-440 

Increase in adrenal u t 
of hypophyseetomized 
rat 

No 

BlunientliaU 

(194.1) 

Pregnancy, 

normal 

female 

Entreated, 
fresh and 
preserved 

4r-lG 

Incr. mitosis in adrenals 
of intact guinea pig 

T'es 

Reiss, Pcglar, 
and Gollai 
(1940) 

Pregnancy 

1. Entreated 

2. Benzoic 
acid adsorbed 

3. Picric 
acid ppt. 

Not stated 
Not stated 

25 

Disappearance of sudan- 
opliobc zone in adrenal 
of hypophyseetomized 
rat 

1. No 

2. No 

3. Yes 

WilliamsonO 

(1940) 

Normal 

female 

1. Entreated 

2. Dialyzed 

3. Dialyzed, 
acetone pre- 
cipitated 

4. Dialyzed 
pervaporated 
and acetone 
precipitated 

4 

4 

120-460 

30 

Incr. in adrenal rvt 
in intact rats 

Ascorbic acid depiction 
of adrenals of hypo- 
physeetomized rat 

1. Yes 

2. Y*es 

3. Y'es 

4. Y'es 

Cooke. 

Graetzer. 
and Reiss” 
(194S) 

Normal 

Permutit 

adsorbed 

250 

Ascorbic acid depletion 
of adrenals of hypo- 
physeetomized rat 

Y’es 


presence of adrenotrophic activity in about 
25 ml of urine of normal and pregnant 
humans. Since our work was completed, 
Cooke and associates' have reported positive 
reactions for adrenotrophin in concentrates 
representing 250 ml of normal urine, prepared 
by an adsorption technic. 

- Pnsclikis, K. E., R.^koff, A. E., .ind Cantaro^v, 
A., Endocrinolojij;, 1042, 30, D23. 

3 .Tones, G. E. S., and Bucher, N. L. R., Endoc- 
rinoloffii, 1943, 32, 40. 

^ Blumenth.al, II. T., J. ImV. nnd Clin. Med., 
194.1, 30, 4CS. 

- Keiss. Mas, BeRlar. Harold, and Golla, Y. M. 
L., Xntiirr, 1940, I.IT, 413, 

'•IVillianiMm, M. B., Pnoc. goe. Exp. Bion. and 
M rj>.. 194r>, 03, 191. 

r Cooke, n. S., Graetrer. E., and Reiss, M„ J. 
Eiuhteruod., 194S, 3, Issxix. 


Because of these conflicting results and 
because of some claims that the presence of 
adrenotrophin in body fluids in Cushing’s 
sj-ndrome is of etiologic significance, we have 
reinvestigated this problem using several dif- 
ferent methods of concentrating the urine, 
and have placed particular emphasis on the 
study of urine from such pathologic states 
as may conceivably be associated with ex- 
tremes of adrenotrophic activity. Although 
in general, our results have been negative, 
we are reporting them briefly, since they maj’ 
be of some interest and of some use to 
others interested in the clinical-laboratory 
aspects of pituitary-adrenal disorders. 

Material and methods, Adrenotrophic ac- 
tivity was determined by the ascorbic acid 
depletion method described by Sayers, Sayers 
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time of occurrence of the “digitalis effect” in 
the duck hearts was dependent upon the 
amount of digitoxin added. Thus, standards 
(Table I) were obtained. Such standards were 
found to be necessary because of the signifi- 
cant but relatively fi.xed loss of digitoxin in 
the extraction of such large quantities of 
urine. 

For the assay of urinary excretion of digi- 
toxin, control urine samples (200 ml) were 
obtained from 4 young males and one female 
subject (average age 32 years). These were 
extracted and tested on the duck hearts as 
described above and found to produce no 
effect. Each subject then was given 1.2 mg 
of digito.xin by mouth within a period of 6 
hours. Urine collections subsequently were 
obtained. The daily volumes were measured, 
and then 2 separate 200 ml samples of each 
were extracted and assayed on 6-8 duck hearts. 
The average time of occurrence of the “digi- 
talis effect” of the 2 samples was compared to 
the standard values. In this manner the 
amount of digitoxin originally present in a 
200 ml quantity of urine could be approxi- 
mated. The total daily e.xcretion then was 
calculated by multiplying the amount of digi- 
toxin in the 200 ml quantity of urine, b}' the 
total daily urine volume/200. 


Results. Each of the 5 subjects (Table II) 
excreted greatly varying amounts of digito.xin 
in his urine after the oral ingestion of 1.2 mg 
of the drug. During the first 24 hours after 
ingestion an average of approximately 87 pg 
(Range; 44-144) or 7^ of the administered 
dose could be detected in the urine. The 
second day’s urine of each subject contained 
somewhat less digitoxin (average: 55 pg). 
The third day’s urine of 4 subjects tested con- 
tained appreciably less digitoxin (average: 
21 fig). These results Indicate that appro.xi- 
mately 14% of the amount of digitoxin ad- 
ministered to these 5 subjects could be re- 
covered in the urine collected the first 3 days 
after its administration. 

Summary. The quantitative detection of 
orally administered digito.xin in the urine of 
subjects receiving the drug has been accom- 
plished. Approximatelj’- 14% of the given 
dose is excreted in the urine of normal subjects 
during the first 72 hours after its oral inges- 
tion. 

The authors wish to express their iiidchtcdncss 
to Maude Gardner and Xaucy Bryant for tlieir 
invaluaWe assistance. 

Eweived October 20, 1049. P.S.E.B.M., 1949, 72. 


Adrenotrophic Activity of Human Urine.* (17471) 

William Locke, A. .Albert, and Edwin J. Kepler! 
From the Mayo Clinic, Rochester, Minn. 


The ability to determine adrenocortico- 
trophic hormone in body fluids of man would 
be a valuable aid in e.\'tending our knowledge 
of pituitary-adrenal ph 3 ^sioIogy. Although 
there have been previous reports dealing with 
the presence of adrenotrophin in urine, the 
results (summarized in Table I) are conflict- 


rTurid^nt of thesis submitted by Dr. Locke 
the Faculty of the Graduate School of the 
liversitT of Minnesota in partial fulfillment of 
e requfremcnts for the degree of -Master of 
ience in Medicine, 
t Deceased. 


ing. Part of this confusion arises from the 
failure of some of the investigators to use 
hypophysectomized test animals, an omission 
which unfortunately invalidates their conclu- 
sions. The remaining confusion apparentl}^ 
cannot be so explained. For e.xample, Jones 
and Bucher,® using a specific assaj' method, 
found no adrenotrophic activity in 200 to 440 
ml of urine of normal persons, while Reiss and 
associates® and Williamson® have reported the 


t dcBoisscron, P., Rail, ti^histol. appliq. o to 
physiol., 1936, 13, 129. 
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TABLE n. 


Assays for Adrenotropliic Activity in tlie Urine of Various Endoerinopatliies. 






Adrenotrophic activity 


Xo. of 
patients 

Diagnosis 

Xo. of 
assays 

Positive 
(L — B >25 mg) 

Doubtful 

(L— R 20-2.5 mg) 

Xegativc 
(Ij — K -<20 mg) 

4 

Cusliing’s syndrome, 
Adrenal cortical 
iiyperplasia 

9 

1 

3 

5 

A 

.•> 

Hypopituitarism 

O 

0 

1 

1 

1 

Addison’s disease 

1 

0 

0 

1 

O 

Sexual and somatic 
precocity 

o 

1 

0 

1 

1 

Xatural menopause 

1 

1 

0 

0 

3 

.Surgical menopause 

.3 

1 

0 

o 

1 

Ovarian dvarfism 

1 

0 

0 

1 

1 

Pregnancy 5 mo. 

1 

0 

1 

0 

1 

Pituitary tumor 

1 

1 

0 

0 


be recovered. Concentrates equivalent to 15% 
of the total 24-hour specimen, obtained from, 
menopausal and pregnant women, states in 
which urinary adrenotrophin had been pre- 
'/iously detected, gave negative results. 

Acetone precipitates of wine. The pre- 
cipitation of urine by means of acetone and 
the e.xtraction of the precipitate yield fairly 
good recoveries of urinary gonadotrophin 
(Frank and associates'^). This method was 
investigated extensively for adrenotrophic ac- 
ti\ity. Twenty-four-hour urine specimens 
were collected from 7 normal subjects (4 fe- 
males and 3 males) and 10 tests were carried 
out. Concentrates ranging from 2.5 to 23% 
of the total 24-hour specimen were injected 
per rat. Concentrates equivalent to 2.5 to 
10% of the total specimen gave negative re- 
sults. However, the equivalent of from 10 
to 23% of the specimen per rat jielded posi- 
tive L — R values (more than 25 mg) in 2 in- 
stances. borderline responses (L — R of 20 to 
25 mg) in 2 instances, and negative responses 
in 2 instances. Thus, while far from consis- 
tent. these results indicate at least that an 
amount equivalent to 10% or more of the 
24-hour specimen was necessary to induce 
positive responses. 

Since adrenotrophic activity could not be 


demonstrated consiste.ntly in normal urine, 
tests were performed on urines which might 
-conceivably be richer in adrenotrophin, that 
is,- in certain endocrine disorders. Among the 
endocrinopathies which might be associated 
with e.xtre'mes of adrenotrophic activity, we 
tested the urines of patients with Cushing’s 
syndrome, hjqjopituitarism, Addison’s disease, 
in the menopause, and with a few miscellan- 
eous disorders (pituitary tumor, se.xual and 
somatic precocity and ovarian dwarfism) . All 
tests m ere performed with amounts of urine 
representing 10% or more of the entire 24- 
hour specimen. The results of these assays 
are summarized in Table II. 

Comment. The attempts to demonstrate 
adrenotrophic activity in human urine of both 
normal and pathologic states have been gen- 
erally unsuccessful. We have been unable to 
confirm the presence of adrenotrophin with 
consistency, although occasional specimens 
have indeed given positive results. While it 
may be possible that adrenotrophin is either 
not nxereted in the urine or e.\'creted in bio- 
logically inactive form, the few occasional 
positive results encountered by us as well as 
by other investigators would seem to over- 
rule- this possibility. .Another possibility is 
that adrenotrophin is excreted in biologically 



472 


Adrenoteophic Activity of Human Urine 


and Woodbury® modified by; (1) the use of 
hypophysectomized male rats of the Wistar 
strain rather than the Sprague-Dawley, and 
(2) the injection of test material into the 
jugular vein or peritoneum, rather than the 
tail vein. In most instances 5 rats were 
used for each sample of urine. Ascorbic acid 
concentration of the rat adrenal glands was 
determined according to the procedure de- 
scribed by Roe and Kuether,® adapted for 
use with tissue. The solutions were read in 
a Coleman, Jr. spectrophotometer at 510 A 
and the adrenotrophic activitj' was expressed 
■in terms of the reduction of ascorbic acid con- 
centration (milligrams per 100 g fresh tissue) 
in the right gland, removed one hour after 
injection, as compared to the left gland, re- 
moved prior to tlie administration of the urine 
preparation. This calculation is subsequent- 
ly designated as Left — Right, or L — ^R. 

Urine was obtained from a variety of 
normal and abnormal subjects and prepared 
by one of the following methods: (1) fresh 
unconcentrated urine, or fresh dialyzed urine; 
(2) urine dialyzed and pervaporated to one- 
fifth volume, after which it was precipitated 
by means of acetone (Williamson,®); (3) 
ultrafiltration of urine through a collodion 
membrane at 60 to 80 lb pressure, after which 
the membrane was dissolved and the residue 
was extracted with 0.1 M sodium hydroxide 
and neutralized (Gorbrnan^); and (4) urine 
precipitated by 4 volumes of acetone at pH 
3.5 and the precipitate extracted with 0.1 N 
sodium hydroxide, neutralized and dialyzed 
(Frank and associates^). 

In order to obtain control values for com- 
parison with experimental values, solutions 
containing no adrenotrophic activity (0.9% 
saline solution; distilled' water) were adminis- 
tered to 25 hjpoph}'sectomized rats in 
volumes of 1 to 10 ml according to the pro- 


! Savers, M. A., Sayers, George, and Woodbury, 
A. EwtaerinoUgy, IS'lS, 43, 379. 

) eU, J. ll-i Kuether, C, A., J. SwJ. Chcm., 
13 147, 399. 

loGorbman, Aubrey, Endocrinology, 1945, 3., 


ivraul- E T., Salmon, U. X, and Eriedmaii. 
PBOC. SCO. EXP. Bron ..xn Mrn.. 1935, 

IGOO. 


cedure described previousljc The mean con- 
centration of ascorbic acid in the right gland 
was found to be higher than the left by 4 
3.2 mg, or a mean L — of -4 dr 3.2. These 
results are much more variable than those re- 
ported by Sayers and associates® which indi- 
cate no difference in ascorbic acid concentra- 
tion between left and right glands. 

Ordinarily the urine or urinary concentrate 
was administered to 5 rats, but owing to 
toxicity not all ithe animals survived each 
e.xperiment. Only those results in which 2 
or more animals survived so that a mean value 
could be determined are included. Because of 
the variability of the animals, already^ men- 
tioned, no mean L — R value less than 25 mg 
was considered significantly different from the 
controls, this value representing the minimal 
level for a test of significance between means. 
That toxicity of the concentrate did not 
impair the action of adrenotrophin was as- 
sured by dissolving pure adrenotrophin in 
the concentrate and observing the response as 
compared with the same amount of hormone 
in saline. Under these conditions, no dif- 
ference in the L — ^R values was observed. 

Results. Fresh, unconccntratcd or dialysed 
vrinc. Williamson® reported that 4 ml of fresh 
urine possessed adrenotrophic activity as 
measured by the increase in adrenal weight 
in the intact rat. Urines obtained from 3 
normal persons, one patient with Cushing’s 
syndrome and one patient with somatic and 
sexual precocity were inactive when tested in 
hypophysectomized rats in amounts of from 
2 to 10 ml of urine per rat. Thus, the results 
obtained with intact rats would appear to be 
nonspecific responses. 

Dialysis and pervaporalion method of Wil- 
liamson. Fresh mixed female urine prepared 
by dialysis, per\’'aporation and acetone precipi- 
tation was reported by’ Williamson to induce 
an L — R value of 145 mg when administered 
in an amount of 30 ml equivalent of urine. 
This method was repeated using from 14 to 
88 ml equivalent of urine rvith entirely nega- 
tive results. 

Ultrafiltration method. The method de- 
scribed by’ Gorbman^® for the recovery ^ of 
urinary gonadotrophin was tested to determine 
whether adrenotrophin, if present, could also 
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TABLE II. 


Assays for Adrenotrophic Activity in the Urine of Various Endocrinopatliies. 






Adrenotrophic activity 


No. of 
p<nticiits 

Diagnosis 

Xo. of 
assays 

Positive 
(L — >25 mg) 

Doubtful 

(Ir-Il= 20-2.5 mg) 

Negative 
(L— R <20 mg) 

4 

Cusliing ’s syndrome. 
Adrenal cortical 
Iiyperplasia 

9 

1 

3 

0 

■< 

O 

Ilypopifuitarism 

O 

0 

1 

1 

1 

Addison’s disease 

1 

0 

0 

1 

o 

Sexu.al and somatic 
precocity 

o 

1 

0 

1 

1 

Natural menopause 

1 

1 . 

0 

0 

3 

Surgical menopause 

3 

1 

0 

o 

1 

Ovarian dwarfism 

1 

0 

. 0 

1 

1 

Pregnancy 5 mo. 

1 

0 

1 

0 

1 

Pituitary tumor 

1 

1 

0 

0 


be recovered. Concentrates equivalent to 15% 
of the total 24-hour specimen, obtained from 
menopausal and pregnant women, states in 
which urinary adtenotrophin had been pre- 
viously detected, gave negative results. 

. Acetone precipitates oj urine. The pre- 
cipitation of urine by means of acetone and 
the extraction of the precipitate yield fairly 
good recoveries of urinary gonadotrophin 
(Frank and associates'^). This method was 
investigated e.xtensively for adrenotrophic ac- 
tivity. Twenty-four-hour urine specimens 
were collected from 7 normal subjects (4 fe- 
males and 3 males) and 10 tests were carried 
out. Concentrates ranging from 2.5 to 23% 
of the total 24-hour specimen were injected 
per rat. Concentrates equivalent to 2.5 to 
10% of the total specimen gave negative re- 
sults. However, the equivalent of from 10 
to 23% of the specimen per rat jdelded posi- 
tive L — R values (more than 25 mg) in 2 in- 
stances, borderline responses (I^R of 20 to 
75 mg) in 2 instances, and negative responses 
in 2 instances. Thus, while far from consis- 
tent. these results indicate at least that an 
amount equivalent to 10% or more of the 
24-hour specimen was necessary to induce 
positive responses. 

Since adrenotrophic activity could not be 


demonstrated consistently in normal urine, 
tests were performed on urines which might 
-conceivably be richer in adrenotrophin, that 
is,- in certain endocrine disorders. Among the 
endocrinopathigs which might be associated 
with extremes of adrenotrophic acthdty, we 
tested the urines of patients with Cushing’s 
syndrome, hy^popituitarism, Addison’s disease, 
in the menopause, and with a few miscellan- 
eous disorders (pituitary tumor, sexual and 
somatic precocity and ovarian dwarfism). All 
tests -were performed with amounts of urine 
representing 10% or more of the entire 24- 
hour specimen. The results of these assays 
are summarized in Table II. 

Comment. The attempts to demonstrate 
adrenotrophic activity in human urine of both 
normal and pathologic states have been gen- 
erally unsuccessful. We have been unable to 
confirm the presence of adrenotrophin with 
consistency, although occasional specimens 
have indeed given positive results. While it 
may be possible that adrenotrophin is either 
not e.xcreted in the urine or excreted in bio- 
logically inactive form, the few occasional 
positive results encountered by us as well as 
by other investigators would seem to over- 
rule- this possibility, .-\nother possibility is 
that adrenotrophin is excreted in biologically 
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active form but as a degraded part of the 
protein molecule. Such a possibility might 
e.xplain why most of the methods used, de- 
signed to concentrate the urinary protein, do 
not yield adrenotrophic activity with consis- 
tency. 

Assuming that adrenotrophin is excreted in 
human urine, the problem of its detection 
might be resolved in two ways. The first ap- 
proach would' be to increase greatly the sensi- 
tivity of the bioassa}^ procedure so as to 
permit the use of fresh urine. Were it pos- 
sible to obtain positive results with a few 
milliliters of fresh urine, it would then be 
relatively simple to work out systematically 
a technic for the concentration and purifica- 
tion of the hormone from urine. However, 
since the present Sayers’ assay procedure is 
already extremely sensitive (in our hands a 
minimum of 0.8 /xg of pure adrenotrophin was 
capable of inducing significant L — R values) 
it seems quite unlikely that any new assay 


method sufficiently sensitive to permit the use 
of fresh urine will be soon available. 

The alternative approach would be to con- 
tinue the empirical attempts to purify and con- 
centrate the urine in the hope that a method 
ivill be found to permit the administration of 
large volumes of urine without toxicity to the 
test animals or appreciable loss of adreno- 
trophic activity. As such, the method de- 
scribed by Cooke and associates may repre- 
sent a solution. 

Summary. Using a specific and sensitive 
assay procedure, we have tested the urine of 
normal persons and of patients having a 
variety of disease states for its adrenotrophic 
activity. Tests using both fresh urine and 
urine concentrates prepared in three different 
ways were carried out. Contrary to previous 
■reports, no adrenotrophic activitj’- could be 
consistently demonstrated. 

Received Sept. 13, 1919. P.S.E.B.Jt., 1949, 72. 


Plasma Levels of Radioactive Iodine (P®^) in Human Tracer Studies. 

( 17472 ) 

Hilda S. Rollman, and Donald AV. Petit (Introduced by Paul Starr) 

From the School of Medicine, University of Southern California, and Endocrine Clinic, 
Los Angeles County Hospital. 


The purpose of the studies reported here 
was to examine the post ingestion plasma 
radioiodine cun^es in euthyroid, hi'pothyro'id, 
and hjqierthjroid subjects as a first step 
toward analysis of the various factors regulat- 
ing the levels of such plasma iodine curv'es. 

Methods. Patients were selected after pre- 
vious clinical and laboratory study had es- 
tablished the presence of a euthyroid, hj-po- 
thyroid or hypothyroid state. .All were in 
an untreated state. They were given 100 
microcuries of radioiodme by mouth before 
breakfast. The dosage was calculated on the 
basis of the shipping^ tag from Oakridge 
Laboratories. Mo carrier iodine was added. 
Each dose was given with SO cc of distilled 
water and followed by two 50 cc portions of 
water to wash the container and mouths of 
the subjects. Blood specimens were drawi 


at 30 minutes, 1, 3, 6, 12, 24, and 48 hours; 
the blood was o.xalated and centrifuged at 
2500 rpm for 10 minutes. Then 0.2 cc of 
plasma was pipetted into shallow cups con- 
taining one drop of phenolphthalein, 0.2 cc 
of 0.75 N NaOH and 0.2 cc of detergent 
(Orvus) . Duplicate samples were dried under 
an infra-red lamp and counted with a bell 
tvpe Geiger Muller tube (Cyclotron Special- 
ties Co.. Model 4I0-A) and counter (Technical 
Associates Model GS4). Duplicate specimens 
of reagents alone, exclusive of plasma, were 
checked for radio-contamination The counts 
were corrected for decay with reference to the 
day of ingestion. Eleven cases of untreated 
myxedema and 14 non-m\cxedematous cases (5 
hvperthyroid and 9 euthyroid) were so 
studied. 

Results. When the data for the entire 25 
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Combined plasma curves of tlie geometric means of the entire myxe- 
dematous and non-mjTCGdematous groups. 


patients were analyzed, two curves could be 
obtained, one for the myxedematous and one 
for the non-mj'xedematous patients.* Fig. 
1 shows these curves; here tie geometrical 
mean (calculated by probit analysis) of 
counts per minute is plotted on an arithmetical 
scale against time on a logarithmic scale. 

The data from which these cun'es were 
obtained are shown in Table I. 

Discussion. The major differences noted 
between these 2 groups of patients (myxede- 
matous and non-myxedematous) mav be 
listed as follows; 1. An early, high peak in 
the plasma radioactivity of the non-mvxede- 
matous group. 2. A later, lower peak in the 
plasma radioactivity of the myxedematous 
group. 3. A slower decrease in radioactivit}' 
during the first 48 hours in the myxedematous 
group. These differences appear valid; it 
seems unlikely that the effect of plasma volume 
or pre-existing iodine content of plasma would 
be the cause of these changes. It is more 
reasonable to suppose that the variations in 
tliese two curves are caused by: (a) different 
rates of absorption of radioiodine from the 
^stro-intestinal tract, (b) varj-ing rates of 

• The .-lulliors :ire imlcbtcd to Frederick .T 
Moore, M.D., for tl.c jt.ntistical .maly.^is of fl.e 


excretion of radioiodine by the kidney, (c) 
speed of formation and storage of thyroid 

TABLE I. 

Plasma Radioactivity, as Counts Per Jlinute of the 
Three Groups of Patients Studied. The indi- 
vidual patient’s curve is read horizontally under 
the time intervals shown. 


30" 

y 

3’ 

6' 

12' 

24’ 

48' 



Euthvroid 



398 

350 

218 

120 

62 

10 

0 

•ir.o 

372 

231 

129 

62 

19 

0 

.518 

398 

291 

170 

71 

25 

0 

600 

44G 

313 

172 

90 

IS 

4 

635 

480 

3G3 

194 

91 

31 

7 

671 

530 

3G3 

231 

118 

45 

20 

704 

638 

443 

24" 

128 

70 

24 

731 

676 

499 

24S 

12S 

121 

03 

860 

822 

63G 

0-^0 






Hyperthvroid 



280 

400 

148 

63 

18 

16 

42 

551 

417 

258 

125 

57 

57 

48 


496 

321 

190 

1.36 

137 

195 

813 

911 

385 

225 

14S 

183 

218 



580 

289 

198 

184 




Mvxcdema 



t •'> 


29G 

232 

184 

91 

19 

88 

223 

319 

25.3 

197 

310 

31 

1.58 

272 

349 

291 

199 

117 

50 

275 

345 

373 

.304 

202 

139 

121 

312 

384 

381 

393 

213 

103 

125 

315 

459 

390 

33G 

220 

210 

107 

3.36 

4<>5 

41G 

340 

274 

247 

190 

t 

522 

4.32 

358 

.307 

27S 

199 

397 

541 

493 

308 

320 


20.'. 

400 

.'»GS 

541 

400 

.385 

304 

27S 

542 

592 

543 
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active form but as a degraded part of the 
protein molecule. Such a possibility might 
explain why most of the methods used, de- 
signed to concentrate the urinary protein, do 
not yield adrenotrophic activity with consis- 
tency. 

Assuming that adrenotrophin is excreted in 
human urine, the problem of its detection 
might be resolved in two waj^s. The first ap- 
proach would' be to increase greatly the sensi- 
tivity of the bioassay procedure so as to 
permit the use of fresh urine. Were it pos- 
sible to obtain positive results with a few 
milliliters of fresh urine, it would then be 
relatively simple to work out sj'stematically 
a technic for the concentration and purifica- 
tion of the hormone from urine. However, 
since the present Sayers’ assay procedure is 
already extremely sensitive (in our hands a 
minimum of 0.8 /xg of pure adrenotrophin was 
capable of inducing significant L — R values) 
it seems quite unlikely that any new assay 


method sufficiently sensitive to permit the use 
of fresh urine will be soon available. 

The alternative approach would be to con- 
tinue the empirical attempts to purify and con- 
centrate the urine in the hope that a method 
will be found to permit the administration of 
large volumes of urine without toxicity to the 
test animals or appredable loss of adreno- 
trophic activdty. As such, the method de- 
scribed by Cooke and associates may repre- 
sent a solution. 

Summary. Using a specific and sensitive 
assay procedure, we have tested the urine of 
normal persons and of patients having a 
varietjf of disease states for its adrenotrophic 
activity. Tests using both fresh urine and 
urine concentrates prepared in three different 
ways were carried out. Contrar}'- to prew’ous 
reports, no adrenotrophic activity could be 
consistently demonstrated. 

Received Sept. 13, 1949. P.S.E.B.Jt., 1949, 72. 
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( 17472 ) 

Hilda S. Rollman, and Donald W. Petit (Introduced by Paul Starr) 

From the School of Medicine, University of Southern California, and Endocrine Clinic, 
Los Angeles County Hospital. 


The purpose of the studies reported here 
was to examine the post ingestion plasma 
radioiodine curves in euthyroid, hypothyroid, 
and hyperthyroid subjects as a first step 
toward analysis of the various factors regulat- 
ing the levels of such plasma iodine curves. 

Methods. Patients were selected after pre- 
vious clinical and laboratory study had es- 
tablished the presence of a euth.vroid, hj^po- 
thyroid or hypothyroid state. All ivere in 
an untreated state. They were given 100 
microcuries of radioiodine by mouth before 
breakfast. The dosage was calculated on the 
basis of the shipping tag from Oakridge 
Laboratories. No carrier iodine added 
Each dose was given with 50 cc of distilled 
water and followed by two 50 cc portions of 
water to wash the container and mouffis of 
the subjects. Blood specimens were drawn 


at 30 minutes, 1, 3, 6, 12, 24, and 48 hours; 
the blood was o.valated and centrifuged at 
2500 rpm for 10 minutes. Then 0.2 cc of 
plasma was pipetted into shallow cups con- 
taining one drop of phenolphthalein, 0.2 cc 
of 0.75 N NaOH and 0.2 cc of detergent 
(Orvus) . Duplicate samples were dried under 
an infra-red lamp and counted with a bell 
type Geiger Muller tube (Cyclotron Special- 
ties Co., Model 41D-A) and counter (Technical 
Associates Model GS4). Duplicate specimens 
of reagents alone, e.xclusive of plasma, were 
checked for radio-contamination The counts 
w'ere corrected for decay with reference to the 
da}' of ingestion. Eleven cases of untreated 
myxedema and 14 non-myxedematous case^ (5 
hvperthyroid and 9 euthyroid) were so 
studied. 

Results. When the data for the entire 23 
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TABLE T. 


Adriplntion and Its EfCcet on Hours Survival nt Low Air Pressure. 


Xo. rats 

Time at 

208 mm Ilg, 
14°0,* hr 

Time at 

102 mm Hg, 
14°C,» lir 

Time at 

102 mm Hg, 
29-31°C, hr 

Remarks 

C 0 

4 

5 


All lived 

2 9 

2 

8 


One died at end 

3 5 

4 

O 

3 

All lived 

7 5 

O 

1.0 

4.5 

Two died 



Controls 



0 •ih'I 9 


.12 -t- .00 


AU died 

1 9 


1.0 


Removed alive 

17 5 



.20 -+- .18 

All died 

24 9 



.25 ± .20 

ff 17 


* Temperature range 11° to 15°C. 


They were continuously ventilated at the 
rate of 2 liters of air per rat per minute. The 
flow rate was measured at 760 mm Hg. The 
chambers could be operated either within a 
refrigerator or at room temperature. The 
e.\perimental rats tvere Long-Evans strain, un- 
fa-sted, male and female, old and j'oung adults. 

Results. Control rats were placed within 
the chambers at various temperatures (14- 
31°C) and the air pressure reduced within 3 
minutes to 162 mm Hg. Within 6 to IS 
minutes these rats developed convulsions and 
died. The “adaptation” e.xperiments were 
conducted with the chambers placed within a 
refrigerator at 14°C (range 11"’ to IS C) 
and the pressure reduced within 90 seconds to 
268 mm Hg and maintained at that pressure 
for 2-4 hours. Then the pressure was further 
reduced to 162 mm Hg (14'C) and these 
conditions were maintained for 1.5-2 hours. 
.•\t this point some of the chambers were re- 
moved to room temperature (29-3 1°C) and 
others were left within the refrigerator, the 
air pressure in both .sets of chambers was 
still maintained at 162 mm Hg (o.xygen pres- 
sure 32 mm Hg). .After 4-6 additional hours 
under the.se conditions, 17 out of 20 rats re- 
mained alive and they were returned to sea 
level for further ohsen,'ation. These rats 
therefore endurcrl for 5-8 hours anoxic con- 
ditions which killed 98% of controls in 10-15 
minutes and this high (legrec of tolerance was 
rleveloped in a 3-4 hour adaptation period. 

1 he permanency of this adaptation was 
tested by the following e.\periment. Two rats 
were exposed to cold and ano.xia as outlined 
in the alwve paragraph. The air atmosphere 


at 30°C was then replaced by 1 SO mm of pure 
oxj'gen, which is approximately equivalent to 
the sea level pressure of o.xj'gen. .After 4 
hours the oxj-gen atmosphere was replaced b\' 
air at 162 mm and the animals succumbed in 
12 and 15 minutes, essentially the same as un- 
adjusted controls. Therefore, only 4 hours 
of o.\ygenation was adequate to destroy the 
tolerance which these rats had developed. 

Of 20 rats adapted to anoxia as outlined 
above, only 3 died when exposed continuously 
to air at 162 mm for 5-8 /wurs (Table I). Of 
46 control rats at the same pressure, 45 died in 
4-27 minutes (0.06-0.45 hour) and one lived 
for one hour (Table I). Loiv enxdronmental 
temperature was important in developing the 
tolerance of the adapted group, but the control 
rats died at a variety of temperatures. 

The adapted animals were allowed to re- 
cover at sea level and room temperature. Their 
rectal temperature was 19-20°C if the entire 
e,\posure to cold and anoxia had been at 14 ' C. 
If the last 4-6 hours of anoxia was at room 
temperature, the rectal temperature was 

1- 2’C above room temperature (29-31-0). 
These animals were quite refractory to me- 
chanical stimuli for the first 5-15 minutes fol- 
lowing the ano.xia period. However, xvithin 

2- 3 hours, they would often eat and drink and 
within 24 hours they appeared normal. .All of 
these animals were still alive one month after 
the e.\periment. 

The eyes of the adapted animals showed 
striking changes. .After 3 or more hours at an 
air pressure of 168 mm Hg the eyes were 
clouded by severe cataracts. Examinations of 
the lens directly by excision and indirectly by 
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hormone, (d) re-entry of radioiodine into the 
blood stream in a protein bound form. How 
much of a role each one of the above factors 
might play in the ultimate derivation of the 
plasma curve requires further study. 

While this work was in progress McConahey 
et aU published the results of a similar study 
of serum radioactivity in hyper-, hypo-, and 
euthyroid individuals, after ingestion of 
They reported experiments on 31 patients 
divided as follows; 17 with hyperthyroidism, 
9 euthyroid, and 6 myxedematous (one patient 
was studied twice, once while euthyroid and 
then after a “thyroidectomizing” dose of 1“*). 
Their patients did not receive similar doses of 
radioiodine but rather there was a range from 
0.1 to 100 millicuries of the drug, McConahey 
et al.‘ felt that there was little if any disturb- 
ing radiation effect on the plasma curves from 
the large doses given to some patients. 

The principal finding of difference in Mc- 
Conahey’s work from the work presented here, 
is the failure of our figures to differentiate hy- 
perthyroid and euthyroid individuals. It seems 
reasonable to suppose that hyperthyroid indi- 

I JlcConaliey, yj. M., Keating, P. R., Jr., and 
Power, M, H., J. Clin. Invest., 1949, 28, 191. 


viduals would show a different rate of incre- 
ment and decrement of radioiodine in blood 
after an oral dose than would euthyroid indi- 
viduals. The differences obtained here, how- 
ever, were not sufficient to be used for diag- 
nostic purposes and probit analysis of the 
data would not significantly separate the two 
groups in the time periods studied. 

Summary. Curves of plasma radioactivity 
were determined for 25 patients after the in- 
gestion of 100 microcuries of radioiodine. The 
patients were divided into 11 cases of my.xede- 
ma, 5 cases of hyperthyroidism and 9 euthy- 
roid individuals. The curves were constructed 
from plasma samples drawn at 30 minutes 1, 
3, 6, 12, 24, and 48 hours. It was not possible 
to statistically separate, at these time inter- 
vals, the curves of the hyperthyroid and euthy- 
roid individuals. The curves of the mjccede- 
matous patients, however, were significantly 
different from those of the non-myxedematous 
patients; thus the myxedematous curves show 
a later peak level, a lower peak level and a 
fall more delayed than do the curves of the 
non-myxedematous patients. 

Received August 18, 1949. P.S.E.B.Jt., 19497 72! 


Acute Adaptation of Rats to Very Low Oxygen Pressure.* (17473) 


L. Van Middeesworth (Introduced by J. P. Quigley) 

From the Department oj Physiology, University of Tennessee College of Medicine, Memphis, Tenn. 


In a. recent publication^ the author reported 
evidence of .depressed activity of the th}woid 
gland in anoxic rats. This thyroid depression 
may act as an adaptive change which would 
aid the accommodation to anoxia. Himwich" 
called attention to the evidence of Barach 
and others^’-* which indicate d that thyroidec- 

inv^igation was aided by . gr.niits-in-aid 
from the National Research Council Committee on 
Endocrinology and the Atomic Energy Commis- 


1 Van Middlesworth, L., Science, 1949, 110, 120. 
£ Himwich, H. E., personal communication, 1949. 
3 Barach, A. L., Eckman, M., Molomut, N., 
Im. J. Med. Sci., 1941, 202, 336. 


tomy increases the tolerance of rats to anoxia. 
Therefore, if anoxia were to result in a degree 
of functional thyroidectomy, this latter condi- 
tion should increase the tolerance to more 
severe anoxia. 

The e.xperiments described here indicate 
that if normal rats are first exposed to anoxia 
for 2 or more hours at a low temperature, 
they can then withstand severe ano.xia as 
readily as has been reported for surgically 
thyroidectomized rats.®'"* 

Method. The low pressure chambers were 
constructed from 9 liter vacuum desiccators. 

^ Streuli, H., Piochem. Z., 1918, 87, 339. 
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Function of Egg White in Embryonic Development. (17474) 

Frank A. Csonka and JIarlow W. Olsex 
From the Btireati of Human Nutrition and Home Economics and Bureau of Animat Industry, 
Agricultural Research Center, United Stales Department of Agriculture, Washington, D. C. 


In an attempt to decide -vrhether or not the 
yolk or the egg white is the carrier of a 
growth factor transmitted through the egg 
from the hen’s feed to the chick, the experi- 
mental technic described here was devised. In 
the past it has been assumed that egg white 
has a purel\- nutritional function in the growth 
and development of the chick embryo, but no 
experimental evndence exists to support this 
supposition. 

The yolk also furnishes food, but in addi- 
tion the 3 ’olk-sac serves as an organ for the 
digestion and assimilation of food by the chick 
embrx’o. This function of the jmlk-sac indi- 
cates a structural relationship between the 
embiyo and the yolk. 

In this experiment fertile hen’s eggs from 
crosses of Rhode Island Reds and lITiite Leg- 
horns were used. A circular window approxi- 
mateU’’ inch in diameter was bored in the 
small end of each egg and the egg-white was 
removed into a glass ground-joint wash bottle 
bj^ suction. To combat bacterial infection 0.1 
cc of an aqueous solution containing 3000 1.U. 
of penicillin and 3.3 mg of streptomycin was 
injected into each of the eggs so treated. The 
egg white from another fertile egg was then 
transferred by air pressure from the wash 
bottle into the egg from which the egg white 
had previously been removed. When one egg 
white was not sufficient to completely refill 


the shell, that from another fertile egg was 
added. Thus, at times egg white from more 
than 1 egg was used for replacement in a 
single egg. 

After the egg was completeh' filled nith egg 
white, the window in the shell was closed with 
a strip of scotch tape and the egg placed into 
an incubator for 3 weeks. At interv’als of 7 
daj's, the condition and development of the 
chick embrx'o was obserx^ed by candling the 
eggs. 

In the first successful series, 12 such eggs 
were prepared; of these 3 chicks hatched 
which were normal in every respect. Of the 
rest of the embrx-os, two lived 2 daj's, one 4, 
two 6, one 7, one 13, one 15 and one 21 daj's. 

These are probably the first live chicks pro- 
duced after such drastic treatment. This ex- 
periment demonstrates that the chief function 
of the white of the hen egg is mainly to 
furnish food for the developing embryo. 

It has been prexdously held that the two 
chalazae serx'e to orient the embrjm in a proper 
position for hatching by keeping the j-olk 
more or less fixed. In these e.xperiments, how- 
ever, the two chalazae were removed xrith the 
egg white and thus the position of the de- 
veloping embrx'o depended upon gravitx'. 
Further work is in progress on the nutrition 
of the chick embrj'O emploxnng this technic. 

Received October 20, 1949. P.S.E.B.3I., 1949, 72. 


Distribution of Vitamin B ,2 in Natural Materials.’’" (17475) 

U. J. Lewis, U. D. Register, H. T. Thompson .and C. .4. Elvehjem 

From the Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison. 

The increasing use of vitamin Bu in the portance. A rat assaj' for vitamin Bj;, based 
tre.Ttment of human macrocx'tic anemias and on the fact that thyroid active materials in- 
in certain natural rations for farm animals crease the requirements for this factor, has 
makes the owledge of the distribution of been used with considerable success in our lab- 
ihis vitamin m biological materials of real im- oratorA-.i-= With the availability of pure vita- 
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the slit larapi showed a well developed sub- 
capsular cataract. Seventy percent (14 cases) 
of the severely ano.vic rats developed cataracts 
during the period of anoxia but all of the 
cataractus lenses became clear within 60-120 
minutes when the animals were allowed to 
recover at sea level. 

Discnssion. The acute adaptation to anoxia 
described here differs from the usual chronic 
acclimatization to high altitude. In the latter 
the subjects are said to live fairly normal 
lives (reviewed by Van Liere“) and the ac- 
climatizing process requires weeks to develop® 
although it probably requires generations to 
become complete.’’ Furthermore, on return to 
sea level condition, the loss of true acclimati- 
zation is slow.® In our e.xperiments the 
animals exhibited a very low level of existence 
but their tolerance to extreme anoxia de- 
veloped within a few hours. On return to sea 
level oxygen pressure the adaptation was lost 
wthin a few hours or about as rapidly as it 
had developed. 

This acute adjustment to severe anoxia may 
involve some or all of the following factors: 
(a) reduction of body temperature, (b) re- 
duction of metabolic rate, (c) reduction of 
thyroid activity, (d) anaerobic metabolism. 
Evaluation of these possible factors must await 
additional experimental investigation. 

It is possible that the adjustment to anoxia 
as illustrated in this report could have no 
significant relation to the thyroid gland, but in 
view' of recent work’ anoxic suppression of the 
thyroid appears to offer a plausible e.xplana- 
tion for the acute adjustment to severe anoxia. 

f These slit lamp obscrT.itions were made by 
Dr. J. 'tv. McKinney, Department of Ophtlinlmol- 
ogy, TJnivcrsity of Tennessee College of Medicine. 

5 Van Liere, B. J., Anoxia, its effect on the body, 
Vmr. of Chicago Press, 1942, p. 140-156, 

6 Houston, C. S., and Kiley, H. L., Jm. J. 
Fhysiol, 1947, 149, 505. 

7 Monge, C., Acclimatization in the Andes, .Johns 
Hopkins Press, 1948 (translated by D. F. Brown). 

s Horton, E. P., The Bight for Everest, London, 

19^5 

3 Britton, S. ML, and Kline, K. P., Am. 
Physio!., 1945, 145, 190- 


Britton and Kline® investigated the effect 
of temperature on survival of asphraiated 
adult rats. Their results demonstrated that 
animals being asphyxiated in sealed chambers 
survived 2-3 times longer at i6-18°C than 
at a temperature of 3i-32°C. 

Previous investigators’®-’® have increased 
the tolerance of rats to anoxia by the ad- 
ministration of antithyroid drugs for S or 
more days preceding the low pressure e.x- 
posure. In the experiments of Barach cf al.‘ 
thyroidectomized rats were found to withstand 
160 mm Hg for 2 hours (temperature not re- 
ported). Hojvei'er, Leblond^- showed that 
such thyroidectomized rats must be ivell fed 
in order to xvithstand severe degrees of anoxia.- 
The adapted animals described in the present 
work easily tolerated the severe ano.xic condi- 
tions reported for hypothyroid or thyroidec- 
tomized rats. 

Previous investigators’®'” have observed 
cataracts from anoxia. The animals of Bel- 
lows and Nelson’® were e.xposed to 225 mm 
until SO percent of the rats were dead, after 
which 10% of those surviving had cataracts. 
Comparison of previous results with these re- 
ported here shows that in our e.xperiments the 
anoxia was more severe, a greater number of 
rats survived the e.xperiment, and more 
animals developed cataracts. 

Conclusion. Rapid adaptation occurs in 
adult rats e.xposed to ano.xia at low tempera- 
tures. This enables the animals to tolerate 
e.xtreme ano.xia (32 mm Hg pressure of Oj) 
at various temperatures (14-31°C) for a 
period more than 40 times longer than un- 
adapted controls. 

w Gordon, A. S., Goldsmith, E. D., Cliaripper, 

H. A., Science, 1944, 90, 104. 

Jl Hughes, .4. M., and Astwood, E. B., /. Ai'iat. 
Med., 1944, 15, 152. 

wLcbioiid, C. P., Pkoc. Sqc. E.xp. Bioh. asd 
Med., 1944, 55, 114. 

13 Bellows, ,r., and Kelson, D., Arch. Ophih., 
1944, 31, 250. 

11 Biozzi, G., Grarfe’s Arch., 1935, 133, 423. 
(Eng. Ahst. Jincr. J. Ophth., 1935, 18, 692. 
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period. At the end of this time supplements 
arc administered for another 2-week period 
during which time the growth response is fol- 
lowed. The vitamin Bjo content of the sample 
is calculated through the use of a standard 
growth curve plotted from data obtained with 
graded levels of crj’Stalline vitamin Bjo." 

Five rats were used for each assay and an 
average of the growth response for these rats 
was taken. In most cases the material to be 
tested was added on a percentage basis to the 
basal ration and the vitamin Bja content was 
calculated from the total food consumed. In 
other cases, due to the nature of the material, 
the supplement was given in separate food 
containers and the amount consumed was 
measured directly. The results are summar- 
ized in Table I. 

Average growth responses on the basal ra- 
tion during the 2 week assay period have been 
found for a large number of animals to be 
35 g (d; 3 g). The daily administration of 
0.1 ;jig of vitamin Bis either orally or by in- 
jection, increased the growth response to 65- 
66 g. Since Hall, ct al.‘ showed that incu- 
bation of vitamin Bis 'udth gastric juice in- 
creased the hematopoietic activity in perni- 
cious anemia when administered orally, a sim- 
ilar treatment was tried for the rat. No 
effect on the actmty of vitamin Bis '^^s 
noted after incubation with human gastric 
juice. 

Thymidine has been found to be capable of 
replacing vitamin Bis in the nutrition of Lac- 
tohacilhis Results presented in Table 

I show that this compound has no activity in 
the rat assay. Fresh tomato juice, which has 
been found to contain the TJ factor required 
by Lactobacillus lactis Dorner,® was likewise 
found to be inactive. Furthermore, a com- 
bination of thymine, uracil, adenine, guanine, 
rutin and hesperidin produced no growth re- 
sponse. It appears, therefore, that the rat 

Hall, B. K.. ^^orf:aIl, E. H., and Campbell, 

p. r., Prac. Slnff 3frct., ^Intjo CUn., 1943, 24, 99. 

isiiivo, w.. Ilavfl, .T. M., and Eakin, Jt. E., 
J. .1)11. Chrm, Hoe., 194S. 70, 2014. 

r. Wriplit, I.. P., SkcRc.o, n. B., and Huff, J. W., 
.1. Biol. riiDi).. 194S, IT.'i, 47.“). 

0 Short. M. S., ,7. JinrI., 1947, .‘BJ, CG9. 


assay is rather specific for vitamin Bis. 

Two samples of yeast autolysates, U2 and 
Z7, supplied by Dr. C. N. Frey, Standard 
Brands, Inc., were found to be completely in- 
active. A sample of ‘'slops” from strepto- 
mycin production was found to be very high 
in vitamin B 12 . The regular commercial con- 
densed fish solubles showed high activity while 
a sample of herring stickwater was not as 
active. 

Sheep rumen contents were very active, 
which suggests a sjmthesis of this vitamin 
within the rumen. ^lilk, cheese, meats and 
egg -KSTe found to be relatively good 
sources of the vitamin. Dried soybean sprouts, 
barley, fresh potatoes, beans, cabbage, green 
peas, alfalfa leaf meal, and fresh grass con- 
tained no significant amount. 

The \dtamin B 12 content of beef kidney was 
found to be as high as that of beef liver. This 
is in agreement with previous results obtained 
on the mtamin B 12 content of liver and kid- 
neys from rats fed different rations." The 
higher values obtained with the two liver 
powder preparations of the VioBin Corpora- 
tion may be attributed to the fact that they 
were defatted and also that the fresh liver 
was fed at a near maximum level. However, 
more samples must be tested before definite 
conclusions can be made. It can be seen 
from the results that drj'ing the liver at 70° 
did not noticeably alter the \dtamin B 12 con- 
tent. The variations in pork samples ob- 
tained in this "n'ork and in prerdous work- are 
undoubtedly due to the fact that swine are 
monogastric animals and therefore do not 
benefit from the nutrients that may be pro- 
duced by microorganisms in the rumen of 
cattle. The high level found in horse meat 
indicates that the sjmthesis of vitamin B 12 
in the cecum of the horse maj' be as efficient 
as in the rumen of cows and sheep. 

Sunwiary. The vitamin B 12 content of a 
number of natural materials as determined 
b}'‘ the rat assay is presented. Fish solubles, 
streptomj'dn “slops”, sheep rumen contents 
and glandular meats are excellent sources of 
vitamin B] 2 . yiuscle tissue, eggs and milk 

• Lewis, U. .T., Repi^^ter, U. D., and Elvctijom, C. 
A., Pnoc. Poc. Exp. Biol. an'D Mm., 1949, 71, SOS, 
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TABLE r. 

Vitamin Bjo Content of Natural Materials. 


Ditily supplement 


Avg growth 2 week 
assay period, g 


Min. vit. Bjo con- 
tent fresh basis, 

frg/lOOg 


None 


Min. rit. Bu con- 
tent dry basis, 
fig/lOOg 


35 : 


66 

65 


0.1 pg vit. Bi 2, inj. 

0.1 pg vit. Bjn, orally 

1 mg thymidine, inj.* 

2 mg thymidine, orally 

250 pg thymine, uracil, adenine, guanine, 
and 500 pg rutin and hesperidin 
10 ml tomato juice, fresh 
6% dried streptomycin “sloii” 

6% condensed fish solubles 

5% herring stickwater 

5% desiccated hog mucosa 

2% desiccated swine adrenals 

1.25% desiccated sheep rumen contents 

2.0% desiccated sheep rumen contents 

10% crude casein 

10% purified casein (vitamin test) 

10 ml raw milk (cow) 

20 ml raw skimmed milk (cow) 

25 ml raw milk (goat) 

15% whole milk powder (Klim) 

Eennet ppt. casein 25 g milkt 
15% malted milk 
2.5 g cheese Cheddar 

4 S egg yolk 

1 g beef liver (fresh) 

1 g beef kidney (cooked) 

.125 g viobin liver powder, Sf'f 
.123 g viobin liver powder, 70°Ct 

5 g beef round, sample 1 (cooked) 

5 g beef round, sample 2 (cooked) 

2.5 g beef round, sample 2 (cooked) 

5 g beef tongue (cooked) 

.75 g chicken liver (frcsli) 

5 g pork shoulder, sample 1 
5 g pork shoulder, sample 2 
5 g pork hocks 
5 g pork ham 
5 g mutton 
5 g veal 

5 g liorsemeat (canned) 


36 


* 

36 



35 


*- 

34 

* 


95 


>22 

96 

20 

>40 

55 

7 

14 

43 


trace 

57 


15 

76 


50 

93 


50 

53 


3 

15 


• 

41 

trace 


42 

trace 


28 

# 


61 


2.5 

50 

0.12 

1 

54 


2 

56 

1.4 

2.1 

64 

1.4 

2.S 

S2 

15 

>50 

90 

20 

>50 

80 


100 

78 


97 

74 

2 

3.6 

S3 

3 

5.5 

68 

3 

3.5 

91 

3 

5.5 

70 

11 

35 

73 

O 

3.0 

67 

1.2 

” 2 

51 

0.5 

0.9 

68 

1,2 

o 0 

82 

3 

5.5 

76 

O 

3.0 

84 

3.4 

7.5 


* No measurable quantity, 
t Calculated on fresh milk basis. 
J Defatted and desiccated. 


min Bi 2 it is possible to supply standard 
amounts to rats and thereby calculate the ac- 
tual amount of vitamin Bie present in the 
samples tested. 


* Published with tlie approval of the Director of 
the Wisconsin Agricultural E.vperimont Station. 
Supported in part by grants from the National 
Livestock and Meat Board and from the Kesearch 
Committee of the Graduate School from funds sup- 
plied by the Wisconsin Aiumni KcsearcU Founda- 


tion. 


JRe"isfcr, V. D., Euegamcr, W. B., and El- 
ehj!m, C. X...r. Biol. Che, a., 1949, ITT, 12fi. 


We wish to present in this paper a prelim- 
inary report of the distribution of vitamin Bm 
in a variety of biological materials. 

Experimental and Results. The assay pro- 
cedure has been described in detail in a pre- 
vious paper.^ Male weanling rats are placed 
on a corn-so)'bean-basal ration containing 
0.1% iodinated caseinl for a 2 week depletion 

2 Eegistcr, U. D., Lewis, U. .T., Tiiomp.son, H. T., 
and Elvehjem, C. A., Pnoc. Soc. Exp. Biol, .i.vn 
Meo., 19-19, TO, 167. 

t Supplied by Dr, W. B. Graham, Ccrophyl Lab- 
oratories, lac., Kansas City, Mo. 
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period. At the end of this time supplements 
are administered for another 2 -week period 
during which time the growth response is fol- 
lowed. The vitamin B12 content of the sample 
is calculated through the use of a standard 
growth cutA'e plotted from data obtained with 
graded levels of crystalline vitamin Bjo.” 

Five rats were used for each assay and an 
average of the growth response for these rats 
was taken. In most cases the material to be 
tested was added on a percentage basis to the 
basal ration and the vitamin B12 content was 
calculated from the total food consumed. In 
other cases, due to the nature of the material, 
the supplement was given in separate food 
containers and the amount consumed was 
measured directly. The results are summar- 
ized in Table I. 

Average growth responses on the basal ra- 
tion during the 2 week assay period have been 
found for a large number of animals to be 
35 g (± 5 g). The daily administration of 
0.1 ftg of vitamin B12 either orally or by in- 
jection, increased the growth response to 65 - 
66 g. Since Hall, el a// showed that incu- 
bation of vitamin Bjo mth gastric juice in- 
creased the hematopoietic activity in perni- 
cious anemia when administered orally, a sim- 
ilar treatment was tried for the rat. No 
effect on the activity of vitamin B12 was 
noted after incubation with human gastric 
juice. 

Thymidine has been found to be capable of 
replacing vitamin B12 in the nutrition of Lac- 
tobadUus lacfis.'*--' Results presented in Table 
I show that this compound has no activity in 
the rat assay. Fresh tomato juice, which has 
been found to contain the TJ factor required 
by Lactobacillus lactis Dorner,® was likewise 
found to be inactive. Furthermore, a com- 
bination of thymine, uracil, adenine, guanine, 
rutin and hesperidin produced no growth re- 
sponse. It appears, therefore, that the rat 

5 Hall. B. E., itorgaii, E. II., and Campbell, 
D. C., pror. Stnff itrcU, Ifoi/o Clin., 1949, 34, 99. 

<Sliive, W.. Ravel, .T. M., .nnd Eakin, K. E., 
J. Am. Clicm. .‘■’oe., 194S, 70, 2014, 

Wriplil, L. n., .SkcRps, n. R., and Huff, J. W., 
,T. Biol. Chrm., lOlS. IT.t, 47.-). 

(■•Short. M. S.. .7. JSnct., 1947, oU, CG9. 


assay is rather specific for vitamin B12. 

Two samples of yeast autolysates, U 2 and 
Z 7 , supplied by Dr. C. N. Frey, Standard 
Brands, Inc., were found to be completely in- 
acti%'e. A sample of ‘•'slops’' from strepto- 
mycin production was found to be veiyr high 
in vitamin B12. The regular commercial con- 
densed fish solubles showed high activit}' while 
a sample of herring stickwater was not as 
active. 

Sheep rumen contents were verir active, 
which suggests a S 3 Tithesis of this vitamin 
■udthin the rumen, hlilk, cheese, meats and 
egg j'olk were found to be relatively good 
sources of the vitamin. Dried soj'bean sprouts, 
barleir, fresh potatoes, beans, cabbage, green 
peas, alfalfa leaf meal, and fresh grass con- 
tained no significant amount. 

The vitamin Bjo content of beef kidne\' was 
found to be as high as that of beef liver. This 
is in agreement with pre\dous results obtained 
on the \dtamin B12 content of liver and kid- 
nej’s from rats fed different rations,^ The 
higher values obtained with the two liver 
powder preparations of the VioBin Corpora- 
tion may be attributed to the fact that the\' 
were defatted and also that the fresh liver 
was fed at a near maximum level. However, 
more samples must be tested before definite 
conclusions can be made. It can be seen 
from the results that drjdng the liver at 70 ° 
did not noticeably alter the idtamin Bj2 con- 
tent. The variations in pork samples ob- 
tained in this -work and in pre%nous work- are 
undoubtedly due to the fact that sm'ne are 
monogastric animals and therefore do not 
benefit from the nutrients that maj>- be pro- 
duced b\( microorganisms in the rumen of 
cattle. The high level found in horse meat 
indicates that the sjmthesis of vitamin Bj2 
in the cecum of the horse mav' be as efficient 
as in the rumen of cows and sheep. 

Summary. The vitamin B12 content of a 
number of natural materials as determined 
bv’^' the rat assay is presented. Fish solubles, 
streptomvxin “slops”, sheep rumen contents 
and glandular meats are excellent sources of 
vitamin B12. ^luscle tissue, eggs and milk 

7 Lewis, U, ,T., Register, U. B., .nnd Elrelijein, C. 
A,, Pboc. Soc. Exr. Bioi,. and Med., 1949, 71, .■;09. 
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products contain lesser amounts, whereas plant 
materials show no measurable activity. 

We are indebted to iMerck and Co., Inc., Sahwaj', 
K. J., for crystalline vitamins, and to Dr. B. L. 


Hutchings of the Lcderle Laboratories Division, 
American Cyanamid Co., Pearl Biver, N. Y., for 
synthetic folic acid. 


Keceived .Lugust 29, 1949. P.S.E.B.M., 1949, 72. 


Observations on Diaphragm and Stomach of the Dog Following 
Phrenicotomy.* (17476) 

Nelson C. Jeefeeson, Clyde W. Phillips and H. Necheles 
With the Technical Assistance of Lamar Walker, John W. Jones and l^'^illiam Scruggs 

From the Department oj Castro-Intestinal Research, Medical Research histitnle oj Michael Reese 
Hospital, and the Department of Surgery, Provident Hospital, Chicago, III. 


In a recent communication we have pointed 
out some of the relationships between the left 
diaphragm and gastro-intestinal mechanisms 
in the dog.^ The significant feature of these 
observations was a decrease in gastric empty- 
ing time in the presence of a relatively dilated 
stomach after left sided transthoracic phreni- 
cotomy. The dogs were kept for prolonged 
periods in order to observe whether the de- 
nervated diaphragm would resume its respira- 
tory function. This was done in view of 
Noack’s work, who reported that regular 
rhythmic respiratory contractions of the dia- 
phragm reappeared in the human from one 
and a half to two years after phrenic eseresis 
in the neck.- Noack’s statement has been 
accepted by a number of authors. The 
mechanism of recover}' of diaphragmatic 
function was postulated to be through the 
twelfth thoracic intercostal nerves and through 
sympathetic innervation. If the innervation 
of the diaphragm and recovery of its function 
following interruption of the phrenic nerve 
in man and dog are comparable, experiments 
on the latter offer the advantage of better 
control of most experimental conditions and 
ensure a complete section of the phrenic nerve, 
which is not always possible in the usual opera- 


« Aide4 br a grant from tbe Otto Baer Fund. 
The Department is in part snj)portcd by tbe 
Afieliael Bcesc Kescarch Foundation. 

ijefierson, BeLon C, .and Neebeles, H., Pnoc. 
Soc EXP. Biol, .vxd Ned., 194S, 68, 166. 

SNoack, B., Scitr. Z. Klin d. Tuherh., 1983, 


82, 397. 


tions in the neck of man for phrenic exeresis. 
Long term observations comparable to those 
done by Noack on the human were done on 
the dog. The animals were observed fluoro- 
scopically, in order to determine if and when 
there would occur reactivation of the dia- 
phragm after complete left transthoracic 
phrenic section, the right diaphragm serving as 
normal control. Sauerbruch® described a gas- 
trocardiac symptom complex following left 
side phrenic exeresis, which was later called 
Roemheld’s syndrome. The symptoms were 
bradycardia, premature systoles, anxiety, epi- 
gastric distress, lack of appetite, pallor, nausea, 
vomiting and eructations. 

Experimental. Sixteen dogs were operated 
upon transthoracically under aseptic condi- 
tions, using pentobarbital sodium anesthesia. 
In 13 animals a section of the left phrenic 
nerve from the hilum of the lung to the 
diaphragm was removed. Two dogs had 
simple phrenic section at the level of the 
diaphragm, and one had the nerve cut at the 
hilum of the lung. The cut ends of the 
nerve were doubled up and tied ivith non-ab- 
sorbable suture. The dogs appeared normal 
after a few days of postoperative care. AH 
dogs were fiuoroscoped at weekly intervals 
for the first 12 to 14 weeks after operation 
and then at monthly intervals, to watch for 
possible reactivation of the diaphragm and for 
the possible development of Roemheld’s syn- 

3 Quoted by Boembeld, L., Miineh . Med - 
WchnscUr,., To, IS'-. 
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drome. Observations were made also after 
standard barium meals'* to determine if there 
was a relationhsip between the possible re- 
activation of the diaphragm and the return 
to normal of the gastric emptying time. Eight 
of the dogs were obser\'ed for periods of 14, 
15, 16, 18, 19, 19, 20 and 20 months post- 
operatively, at which time acute experiments 
were done under pentobarbital sodium an- 
esthesia and •ftdth artificial respiration, to de- 
termine whether impulses would reach the 
diaphragm upon stimulation of the phrenic 
ner\’e above the point of the previous section. 
In these e.xperiments, gastric motility and 
blood pressure recordings were made before 
and after stimulation of the phrenic nerve with 
various strengths of induced current from a 
Harvard inductorium. At the termination of 
all experiments sections were made from the 
right and left diaphragm and from the proxi- 
mal and distal phrenic nerve stumps for mi- 
croscopic study. 

Results. Using fluoroscopy, we have not 
seen in any of 15 dogs a completely denervat- 
ed diaphragm reactivate during 20 months of 
observations. The shortened gastric emptying 
time returned to normal in periods varying 
from several weeks to several months. The 
large gas bubble within a moderately dilated 
stomach however persisted for many months. 
-At no time was respiratory difficulty observed, 
but the dogs were not subjected to severe 
exercise, .^cute experiments on 8 dogs 14, 
i5, 16. 18, 19, 19, 20 and 20 months after 
phrenic section revealed a fixed, ele%'ated, 
atrophic left diaphragm more fixed by intra- 
abdominal pressure than by adhesions. The 
muscle was paper-thin and translucent. In 
one dog (19 months) there was a completely 
atrophied anterio-lateral one half of the left 
diaphragm and a normal posterio-lateral half. 
Upon inspection of the opened chest under 
anesthesia, the normal part showed rhythmic 
contractions, while the atrophied part did not. 
However careful dissection and inspection re- 
vealed one intact accessorv phrenic netv'e, 
which had not been cut. In this animal, 
fluoroscopy had been difficult, and we were 

-I Knr.'ill, t). n., jinil Xfcluto^i, It., 1R42 

2 , ' ’ 


not certain whether the diaphragm moved or 
not. 

Sections' from the left diaphragm re- 
vealed degeneration and disappearance of 
nerve fibers and degenerated muscle, replaced 
by fibrous tissue and fat. Control sections 
from the right diaphragm were normal. The 
phrenic nerve above the point of section 
revealed degenerating, regenerating, or normal 
nerve fibers. The phrenic nerve distal to 
the section revealed complete degeneration. 
Stimulation of the distal or proximal ends of 
the cut phrenic nerve did not reveal any 
effect on the diaphragm in the 7 dogs 
with complete phrenicotomy, which were 
tested in acute experiments. Stimulation of 
the proximal phrenic stump caused a rise in 
blood pressure and, in some experiments, in- 
creased respiration. When the stump was cut 
central to the electrode these reflexes were 
abolished. The gastro-cardiac sjonptom com- 
plex of Roemheld was never observed. 

Discussion. Credit for first interrupting the 
phrenic nerve in man is given to Stuertz’ and 
to Sauerbruch.® The e.xhaustive study of 
Felix' established a basis for the operation. 
He found that the phrenic nenm receives 
s 3 Tnpathetic fibers in the neck and at the 
level of the diaphragm, as well as spinal fibers 
from lower ceadcal and first thoracic nerr'es. 
The phrenic does not give branches to the 
pericardium. The left phrenic di\'ides into 
an anterior, lateral and posterior branch to 
supply the diaphragm. The importance of 
an accessory phrenic is stressed, ■which ma\' 
be easih" missed b\' the surgeon, and which 
will allow for continued phrenic impulses to 
the diaphragm. He concludes that the motor 
innervation of the diaphragm consists of the 
phrenic, the 1 2th intercostal nerve, and prob- 
abW sjTnpathetic fibers. The phrenic supplies 
the main part of the diaphragm, the 12 th 
intercostal the root of the diaphragm from the 
12th rib, and sympathetic and phrenic to- 

t tVe .Tckiiowlcdfrc tlic Iiclp of Dr. 0. S.nphir, 
I’attinlogist of Micliacl PiCe5e Hospit.ol. 

"•Sluertz, Druisclie MeU. W rlni.^cltr.. IDll, IJ7, 
2224, quoted by Felix.'^ 

*• Saucrtjrueb, F., Ciifrurpic dcr />ri(.sfor/ 7 rtTir, 
cd. 3, II. .lulius Springer, Berlin. 10.30. 

1 Felix, W., Driit.-.rhc 7.. f. CJiir.. 1022, 171, 2S3. 
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gether supply the lumbar section of the dia- 
phragm. Schwatt* studied 138 cases after 
phrenic exeresis or/and phrenicotomy and 
observed that, during the earlier period of 
from two to eighteen months after the opera- 
tion, paradoxical movements of the diaphragm 
were the rule. Ultimately however, probably 
because of degeneration and atrophy of the 
diaphragmatic musculature plus pleural ad- 
hesions, fixation occurred. Davies® lists 3 
operations for paralyzing the diaphragm, 
namely: phrenic avulsion, phrenicotomy, and 
phrenic crush. "The immei’ate effect of these 
operations is paralysis of the hemidiaphragm; 
the muscle fibers degenerate and the dome be- 
comes a sheet of fibrous tissue within ap- 
proximately four months. As a result of the 
paralysis there are three changes of the dome, 
namely: a loss of tone, a rise into the thorax, 
and a cessation of respiratory movements.” 
Klein’® states that many failures to secure 
paralysis of the hemidiaphragm are due to 
the presence of accessory branches of the 
phrenic nerve, which join the main trunk 
deep in the thorax, and which can carry on 
the function of the phrenic nerve if they are 
not cut. Twenty per cent to thirty per cent 
of all individuals are supposed to have acces- 
sor}'- branches. Geraghty and Aycock” state 
that the length of phrenic nerve a-vulsed is of 


states that the diaphragm may continue to 
rise for 6 months and that the immediate rise 
is by no means the maximum. Aufses,’® in a 
review of the anatomy of the phrenic nen'es, 
states that most of the accessories are not too 
intimately connected with blood vessels and 
join the main trunk within a distance of 11 
to 13 cm from the level at which it crosses 
the scalenus anticus. Therefore, if avulsion 
of the nerve is performed, and at least 13 cm 
are removed, one may be confident that a 
total permanent paralysis of the hemidia- 
phragm will ensue. Further he states that 
the phrenic nerve is the sole motor nerve to its 
corresponding hemidiaphragm, and that in- 
terruption causes immediate paralysis of the 
muscle with atrophy which begins in a few 
weeks and progresses until it becomes com- 
plete at about the third or fourth month. 

Aree’® states that the phrenic nerve has 
anastomoses with the sympathetic system 
when it enters the thorax, and that some of 
the branches of the phrenic are distributed to 
the pulmonary hilum. The latter fact makes 
it possible that phrenic section ma}^ produce a 
decrease of pulmonary reflexes. Textbook in- 
formation assures that in the human, following 
crushing of the phrenic nerve, the diaphragm 
reactivates in about 3 months.’’ According 
to Noack,- after exeresis in the neck of 10 to 


importance, because of the possibility of re- 
turn of diaphragmatic function unless all au.x- 
iliary branches are interrupted. In their 
series the ma.ximum avulsed length was 30 
cm., and the minimum 2.5 cm. Matson’® 
states that an avulsion of not less than 10 cm 
means a return of diaphragmatic function in 
25 to 30% of all patients. Schwatt’® concludes 
that an a\m!sion of 10 to 12 cm is necessary, 
as this approximates the distance from the 
operative site to the hilum and was sufficient 
to interrupt all accessory fibers. Anderson’-* 


187, 338 

0 Davies, H. M., The Lancet, 1935, 229, 41S. 

10 Klein, B., Illinois Med, J., 1938, 73, 418, 

I! Gewglity, K. J., and Aycock, T. B., The TTest 
firntnia Med. J., 1940, 30, 54G. 

12 Matson, R. W., Am. Lev. Tnha-.. 19.30, 22. 1. 
« Scinvatt, H„ L. Thor. Surg., 19.34, 3, oOS. 

H Anderson, B. W„ Edinhurgh Med. J., 1934, 


41, 109. 


30 cm of phrenic nerve, the diaphragm reac- 
tivated in from 154 to 2 years, and he at- 
tributes this to fibers of the twelfth intercostal 
nen'e and to sympathetic innervation. Christo- 
pher’’ states that for permanent paralysis not 
less than 454 to 5 inches of the main trunk of 
the phrenic nerve must be avulsed from m’thin 
the thorax. This will usually sever accessory 
branches (present in 20% of cases) which join 
the main nerve along its course to the dia- 
phragm. Occasionally one or more accessory 
nerves may have an independent course to the 
diaphragm. Therefore avulsion of the main 
nerve may or may not interrupt all accessory 
branches of the phrenic nerve. Since after 20 

i--> Avfses, A. H., Am. J. Surg., 1940, .TO, 715. 
WAree, J., and Breu, .M. M., J. Thor. Surg., 
1943, 12, 544. 

IT Christopher, F., A Tc.vlbook of Sttrperr, 3rd 
ed., W. B. Saunders Co., Pliii.adclpiiia and London, 
1.943. 
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months we have found onty atrophy of the 
denervated diaphragm in our dogs it would 
appear that either the inner\'ation is not the 
same in the dog as in the human, or that our 
procedure on the dog involved complete sec- 
tion, while in man, where the procedure is 
done in the neck, all phrenic fibers may or 
may not be avulsed, no matter how much of 
the main ner\'e is removed. No emphasis 
seems to be placed by the many writers on 
t\ing the cut ends of the neiv^e with non-ab- 
sorbable suture, a feature which to us appears 
to be of some importance. IVe have found that 
the phrenic nen'e is able to regenerate within 
a period of 20 months.! Since the muscula- 
ture of the diaphragm in both species consists 
of striated muscle, and the phrenic is a soma- 
tic nerve, it follows that, once true paralysis 
and atrophy has developed in the muscle it 
would never be capable of reactivation. The 
so-called paralysis as seen in the human is 
probably in many instances palsy and not 
paralysis, as outlined by Christopher.^' 

The fact that we obtained complete paraly- 
sis and not palsy may be speculated upon. 
Our operations were transthoracic, and all 
obseiA’able fibers were cut and tied with a 
non-absorbable suture. The one instance ob- 
served by us in which partial diaphragmatic 
function persisted and in which complete 
atrophy of one half of the left diaphragm was 
found 19 months after supposed complete sec- 
tion of the phrenic nerve, was demonstrated to 
be due to an intact accessory phrenic nerve 
missed at operation. This would of course 
indicate that once atrophy, always atrophy, 
and that in the human so-called reactivation 
might have been confused with such a picture 
as we obsen’ed in this animal. 

The reason for the absence of Roemheld’s 
syndrome in our dogs may lie in the espla- 

; X’npvblisliptt work. 


nation given by Noack,- namely, that the tear- 
ing of sympathetic fibers during phrenic axml- 
sion in the neck and not section of the phrenic 
nen’e itself leads to the sj-ndrome. 

Paradoxical movements of the diaphragm 
following phrenicotomy, as described by 
Schwatt® were not observed in our experi- 
ments. 

Stniimary. I. No reactivation of the left 
diaphragm was seen by us in 15 dogs up to 
20 months after complete section of the left 
phrenic nen’e. 

2. ^vlicroscopically all diaphragms showed 
complete muscular atrophy with degeneration 
or disappearance of nen’e fibers, 14 to 20 
months after complete section of the left 
phrenic nerve. It is difiicult to conceive how 
such atrophic muscles could ever regenerate. 

3. It is highly possible that phrenic exeresis 
in the neck of the human does not aln’ays re- 
sult in complete phrenicotomy with subsequent 
atrophy of the diaphragm, but in a number 
of instances results in diaphragmatic palsi'. 

4. We found no evidence that the twelfth 
thoracic intercostal nen’e or sympathetic in- 
nen'ation could influence the reactivation of 
the diaphragm in the dog. 

5. Our e.xperience with one diaphragm leads 
us to believe that a hemifunction of one half 
of a diaphragm may lead the fluoroscopist to 
assume that complete reactivation of that 
diaphragm has occurred. 

6. The phrenic nen’e above the point of 
section was able to convey reflexes 20 months 
after section; this was demonstrated by rise 
in blood pressure and increased respiration 
upon stimulation of the central end of the 
nen’e, which were abolished when the nen’e 
was cut central to the stimulating electrode. 

7. No evidence of the gastro-cardiac sj’mp- 
tom-complex of Roemheld was seen. 

Received October 2o, 1949. P.S.E.B.M., 1949, 72. 
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The Coenzyme A Content of Ischemic Dog Myocardium. (17477) 


Wm. M. Govier and Anna J. Gibbi 

From the Department of Pharmacology, 

We have previously reported the destruc- 
tion of coenzyme I in dog myocardium rend- 
ered ischemic by ligation of the left anterior 
descending coronary artery. In similar experi- 
ments cocarboxylase was found unchanged 
after ischemia.^ In the case of coenzyme I, the 
destruction described could be prevented by 
pretreatment with large doses of nicotinamide. 

It may he considered that the occurrence 
of breakdown of a coenzyme under these 
conditions can suggest the likelihood of 
favorable results in treatment of coronary 
occlusion with large doses of the vitamin 
corresponding to the coenzyme concerned. On 
this basis it was thought of interest to de- 
termine whether or not coenzyme A is broken 
down in ischemic myocardium and whether 
the breakdown, if any, may be prevented by 
pantothenic acid administration. 

Methods. The left anterior descending 
coronary artery was ligated in ten dogs by 
essentially the same technique reported pre- 
viously. Ischemic and control myocardial 
samples were removed after 2 hours, boiled, 
homogenized, and analyzed for coenzyme 
.A by the method of Kaplan and Lipmann.- 


iNS (Introduced by M. H. Kuizenga) 

The Vpjohii Company, Kalamacoo, 3lkh. 

Four of the 10 dogs were pretreated with 
50 mg/kg of sodium pantothenate intra- 
venously 10 minutes before ligation of the 
vessel. 

Results. The accompanjnng table shows 
in Kaplan-Lipmann units per gram dry muscle, 
the myocardial content of coenzyme A to- 
gether with the percent change after 2 hours 
of ischemia. It is evident that breakdomi 
of coen 23 ’me A does occur, although by no 
means to the extent that coenzyme I is de- 
graded, and that pantothenate does not sig- 
nificantly relieve the loss of coenzyme. This 
could suggest that the breakdown is not 
enzjfmically catalyzed, that heart muscle does 
not synthesize coenzyme A, or that panto- 
thenic acid needs molecular rearrangement 
■before being available for coenzyme A sjm- 
thesis by myocardium. 

Sutumary. Acute coronary artery ligation 
in the dog results in loss of coenzyme A in 
the infarcted myocardial area. Pretreatment 
witli pantothenic acid does not influence this 
loss. 

Keceived October 25, 1949. P.S.E.B.Jt., 1949, 72. 


TABLE I. 

Mvocaidi.al Coenzynie A Content in Lipmnnn TJnits/G Pry Wt. 



^ot pretre.ated 



Pretrc.nted 


Dog 

Xorui.Tl 

Iseliemic 

A 

% cliaiigc 

Dog 

Xormal 

Iseiiemic 

% cliangc 

A 

ICC! 

hS 

—68 

G 

227 

111 

—53 

B 

173 

106 

—39 

H 

184 

162 

—12 

C 

204 

155 

—24 

J 

108 

143 

—15 

D 

106 

145 

—13 

K 

125 

107 

—14 

E 

176 

155 

—12 





P 

145 

90 

— 3S 
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Effect of Protein Depletion upon Susceptibility of Rats to Total Body 

Irradiation. ( 17478 ) 

F. Lamoxt Jekxixgs* (Introduced b}' Paul R. Cannon) 

From the Department oj Pathology, University oj Chicago. 


.\ltbough there have been many studies of 
the effects of penetrating radiation on normal 
animals of various species, there has been 
little investigation of the effects of radiation 
upon abnormal animals. Some components of 
diet, particularly the vitamin B series^ and 
some of the amino acids,- have been reported 
to alter the response to radiation but the 
broader problems of protein, fat, or carbohy- 
drate nutrition have not, to our knowledge, 
been investigated to any great e.vtent. Since 
widespread tissue necrosis is a prominent fea- 
ture of radiation damage, it appeared that in-^ 
vestigation of the effect of protein, par- 
ticularly a defidency of protein, on the re- 
sponse to radiant energj' might prove in- 
structive, Therefore a series of e.vperiments, 
of which this is the first report, was under- 
taken to try to evaluate the role of protein 
in radiation damage. 

Procedure. This e.vperiment was planned 
to determine the effect of moderately severe 
depletion of the protein reserv'es on the sus- 
ceptibility to radiation. Since j-oung adult 
rats showing 25% reduction in weight while 
on a protein-poor diet are knorni to have 
but little reserve protein,-"* this tj^ie of animal 
was selected for this study. There is con- 
siderable confusion regarding the effect of 
age and weight on susceptibility to radia- 
tion. For this reason two types of control 
animals were used, one group having the 
same weight as the test animals, the other 
being the same age. total of 141 rats was 
almost equally divided into the 3 groups in 
this experiment. Protein-depletion, as it is 

* .\t<iin\c Energy C'onimifsion Postdoctoral Re- 
search Fellow in Medical Sciences of the National 
Research Council. 

1 Martin. C. E., Moursand, W. H., PaiJinlogij, 
loss. 30. 277. 

2Patt. n. M.. Tyree. E. B., Strauhe, R. L., 
Smith, B. E., Science, 1049, 110, 213. 

Benditt, E. P., Pnoc. .Soc. E.xr. Bioi.. .wm 
Mr,!)., 1919, 70, 243. 


produced by the method dex'eloped by Can- 
non and his group, consists of placing the rats 
on a low protein diet that is adequate in 
calories, vitamins, and minerals. The diets 
and methods used in obtaining protein-de- 
pleted rats have been described elsewhere by 
Cannon^ and Wissler." In this e.xperiment 
male albino rats of the Sprague-Dawley 
strain were used. Rats with an initial weight 
of about 200 g were placed on a diet (3E) 
containing 1.9% protein. The animals were 
kept in large, wire-bottom cages with 6 rats 
to a cage. The rats were continued on the 
depletion diet until they had lost 25% of 
their starting weight. Such a weight loss 
occurred in about 10 weeks. The animals were 
then given total body irradiation. 

Total body irradiation of all of the animals 
was accomplished b\" x-ray. The radiation was 
done at 200 kv and 15 ma -with 0.5 mm 
copper and 3 mm bakelite filters. The half- 
value layer of the radiation was 1.2 mm of 
copper. The target to animals distance was 
71 cm and the dose rate in all cases was 
17-18 r per minute. The dosage rate was 
measured before and after each e.xposure with 
a Victoreen electrometer. The animals were 
placed in individual perforated alummum 
cages and radiated in a horizontal beam. The 
cages were regrouped and turned several times 
during the e.xposure to give the animals uni- 
form distribution in the beam. 

The two groups of control rats were main- 
tained on a diet (3C) identical with the 
protein-deficient ration except that it con- 
tained 22% protein supplied by casein. The 
age control rats were placed on this diet 
after they had reached a starting weight of 
about 200 grams. The animals were con- 
tinued on this program until they had been 

J Cannon. P. R., Wissler, R. W., Woolridgc, 
R. L., and Benditt, E. P., Ann. Surg., 1944, 120, 
514. 

tVissIcr, R. W., Woolridgc, R. L., Steffee. H. S., 
and Cannon, P. R., J. Immun., 1940, 32, 2G7. 
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on the 22% protein diet for a period of time 
equal to the period of depletion for the pro- 
tein-depleted rats. At time of radiation these 
animals were 20 weeks old and weighed about 
280 g. For the second control group, rats 
ivith an initial weight of about 100 g were fed 
the 22% protein ration at a rate of 15 g per 
rat per day until they had reached a weight 
of approximately ISO g. These rats were 
then about 8 weeks old and were given total 
body irradiation. Three groups of these 
rats were radiated before they had reached 
a weight of ISO g. The results show that this 
did not lessen their value as control animals. 


During the 30-day obsemtion period fol- 
lowing radiation all of the animals were con- 
tinued on the same diets they had been 
receiving prior to radiation. All of the rats 
were weighed at 2-day intervals through 
this obseiv^ation period. 

These experiments were performed over a 
9-months period. For the most part cor- 
responding groups of depleted and age con- 
trol animals were radiated at the same time 
and these groups were under observation at 
the same time ivith similar am'mal colony 
conditions. It was not feasible to radiate 
weight control animals at the same time as 
the other groups. Nevertheless groups of all 
3 types of rats were scattered through the 
9-months period in an attempt to keep the 
conditions in each series as nearly comparable 
as possible. 

Results. The results of this experiment 
are shown in Table I. Here it is apparent 
that the mortality in the protein-depleted 
animals was considerably greater at any 
given dosage than in the two control groups. 
Most of the deaths in the protein-depleted 
oToups of rats occurred below 625 r while 
there were few deaths in the control groups 
below this dose. 

In order to plot definite dosage-mortahty 
relationships, the data were treated in the 
manner developed by Bliss.*--' The regres- 
sion lines derived from this procedure are 
sho^vn in Fig. 1. This treatment of the data 
demonstrates clearly that the protem-de- 


cBUss, C. I., 4««. Itiol, 1935, 

7 Ibid., 1933, 32, 307. 
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TABLE I. 

Jlortiility in Bats Following Total Bodr 
Irradiation. 


Dose 

Xo. animals 

Avg wf, g 

Died 

300r 

Depleted rats 

4 158 

1 

450 

6 

160 

0 

525 

0 

162 

1 

525 

3 

154 

O 

a/o 

6 

14G 

o 

575 

3 

133 

3 

600 

6 

150 

6 

625 

3 

150 

n 

625 

3 

161 

3 

750 

6 

157 

5 

525r 

Age controls 

3 286 

0 

575 

G 

293 

0 

625 

3 

304 

0 

650 

3 

297 

1 

675 

9 

26S 

0 

700 

3 

299 

1 

725 

9 

269 

6 

•750 

3 

299 

o 

775 

(\ 

2C9 

i 

800 

o 

291 

o 

500r 

Wt controls 

5 155 

0 

600 

5 

153 


600 

10 

128 

1 

650 

10 

128 

3 

700 

5 

356 

4 

TOO 

10 

128 

4 


pleted rats were considerably more suscepti- 
ble to total-body irradiation than were either 
animals of the same age or of the same weight 
when fed adequate protein in their diet. 

The equation for the regression line for the 
protein-depleted animals is: Y = 5.3460 -{- 
8.9179 {X - 2.7463) ivhere V equals the 
probit value of the mortality and A' is the 
logarithm of the obseri'ed dose. The stand- 
ard deviation for this line is .1121. The 
regression line of the animals of the same 
age is: Y = 5.1545 + 21.0772 (X - 2.8476) 
with a standard devnation of .0474. Rats of 
the same ■weight give: Y =: 4.7268 -f- 15.0372 
(X - 2.8135) and a standard deviation of 
.0665. The fiducial ranges, or confidence 
limits of the dosage, with a probability of 
.05 for the regression lines at the lethal dose 
for 50% of the animals in 30 days (TD 
50/30) were calculated according to Bliss 

6 Bliss, C. I., J. ami Yenrboob Phnrmaru, 

1938, 11, 192. 
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Fig. 1. 

TJiirtv-(Jav Jnsage-mortality regression lines in 
rats folloiving total hniy irradiation. 

and are indicated by corresponding arrows 
in Fig. 1. As can be seen, there is a wide 
zone separating the limits of variation of the 
protein-depleted animals from the limits of 
the controls. 

In this experiment the weights of the 
protein-depleted radiated rats that sunnved 
the 30-day obsen-ation period closely paral- 
leled the weight loss in non-radiated depleted 
animals e.\-cept for some additional weight 
loss in the period immediately following 
radiation. Both the age control and the 
weight control rats also showed weight loss 
in the first few days following radiation when 
diet consumption was poor. This loss was 
quicklj'^ recovered when these animals regained 
their appetite and they continued to gain 
weight through the remainder of the ob- 
seri'ation period. It is important to note that 
a period of 100 days on the protein-deficient 
diet, as was the case with these depleted 
animals, causes no mortality in non-radiated 
rats. Rats have been kept on a protein-de- 
ficient diet for as long as 6 months in this 
laboratory with little spontaneous mortality, 
proi'iding care is taken to prevent any infec- 
tious diseases of rats. Thus it is not likely 
that any of the increased mortality obserx-ed 
in the protein-depleted rats was due to spon- 
taneous mortality. 

In all groups of radiated animals, as is 
the case in most radiation mortality studies, 


death usually occurred before the fifteenth 
post-irradiation day. Autopsies were done on 
most of the rats that died and no differences 
were noted between the lesions in the con- 
trol and depleted rats. IMosl of the animals 
that died in the first few days following 
radiation showed widespread interstitial 
hemorrhages. Some of the rats that died 
later showed pneumonia. Blood cultures were 
done on 12 of the protein-depleted rats that 
died after e.xposure of less than 650r, Two 
organisms were found consistently in the 10 
animals that died before the fifteenth post- 
irradiation day. One organism was a gram- 
negative rod (probably Bacillus dyscntcriac) 
and the other a micrococcus. The 2 depleted 
animals that died after the fifteenth daj'' 
both had sterile blood cultures. 

Discussion. The present experiment shows 
that the protein-depleted rat is materially 
more susceptible to the phj'sical injuiy- of 
penetrating radiation than is the animal on an 
adequate protein diet. The LD 50/30 for 
the protein-depleted rat is approximately 
520r while the LD 50/30 for the control rats 
in this series proved to be in the region of 
700r. Thus at the LD 50/30 there is a great 
difference in the dosage between depleted 
and control rats. This increased suscepti- 
bility of the protein-depleted rat becomes 
even more apparent when one realizes that 
the dose of total body irradiation that killed 
50% of the protein-depleted rats killed less 
than two per cent of the control rats. The 
slope of the regression line for the protein- 
depleted animals Indicates that these animals 
are proportionately somewhat more suscepti- 
ble to lower doses of radiation than the con- 
trols. 

The fiducial range for each of the regres- 
sion lines, as shown in Fig. 1. shows a ivide 
zone separating these ranges at the LD 50/30. 
Calculation of the differences at the LD 
50/30 indicates that the P value for the 
data at this point is somewhat less than 
.001. Therefore the observed increase in 
mortality from radiation in the protein-de- 
pleted rat is highl}’ significant. 

Since there is confusion about the in- 
fluence of weight and age on radiation suscepti- 
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bility, control rats for both of these factors The finding of increased susceptibility to 
were used. ^ Quastler® found that in mice, radiation damage in protein-depletion coin- 
with doses in the range of the LD SO, the cides with findings of increased susceptibility 
surviyal time was proportional to body weight in protein-depleted rats to other types of 
and age. Hagen and Sacher^® and Hagen injury. The studies of Cannon, •‘•i® Wis- 
and co-workers^i reported that in a series of sler^i-’® and Benditt® haye demonstrated that 


mortality studies on rabbits the animals 
weighing more than 2 kg were less sensi- 
tiye to x-ray than rabbits weighing less than 
2 kg. Naiman^- recentl}'- reported that older, 
and therefore heavier, rats could sustain 
larger doses of radiation than small rats. 
In contrast to these conclusions Hagen and 
Simmons^® studied a series of 638 rats of 
the same strain as that used in this experi- 
ment and concluded that "within the range 
tested (median weight 210 g) any age or 
weight effect on radioresistance of rats must 
be small.” Boche and Bishop in a study of 
240 rats of the Wistar strain concluded that 
age and sex did not cause significant dif- 
ferences in radiation mortality.^’* The co- 
incidence of the two control regression lines 
in this experiment and the corresponding 
fiducial ranges indicate that age and weight 
in the adult rat, in the range of ISO to 280 g, 
have little effect on susceptibility to radia- 
tion under the conditions of this study. 

The LD 50/30 of about 700r for the 2 
groups of control rats in this experiment is 
in close agreement with the LD 50/30 being 
obtained at present for similar animals in 
another laboratory.^® This figure is in some 
disagreement with a LD 50/30 of 600r as 
reported by Prosser^® but is in only moderate 
disagreement with a LD 50/30 of 640 d: 5r 
for a Wistar strain of rats as recently re- 
ported by Clark and Uncapher.^'^ 

0Qu.istler, H., Am. J- Hocntgm., 1945, 54, 457. 

10 Hagen, C., and Saelicr, G., JIDDC — 1252 (CH- 
3754), 1946. 

11 Hagen, C., Jacobson, L. 0., Murray, R., and 
Lear, P., MIIDC-999 (CH-2147), 1944. 

KHaiman, D. >*■, 4m. J. nocntgcn., 1949, 61, 

95. 

13 Hagen, C., and Simmons, E., MDDC-1210 
rCH-3815), 1945. 

^ 14 Boche, R. G., and Bishop, P. W., MDDC-2 jO, 
1947. . 

i-.PoH H M.. personal communication. 

i;prosUc.L.,»op.v, 1947, 49, 299. 


antibody production is seriously impaired by 
severe and prolonged protein-depletion. 
Taliaferro and associates-® recently demon- 
strated a decreased immunity to trichinosis 
in the protein-depleted rat. A delay in wound 
healing was noted by Kobak and associates-^ 
in protein-depletion. The leukocytic response 
of the bone marrow, particularly to repeated 
stimulation, is also markedly impaired by 
depletion of protein reserves.-- 
Protein-depletion, in addition to causing 
some decrease in plasma proteins and hemo- 
globin level, also causes a decrease in pro- 
duction of several of the enzymes. Tobin 
and co-workers^^ have shown a reduction in 
hyaluronidase and antihyaluronidase. Benditt 
and associates-® have demonstrated that 
cytochrome oxidase and succino.xidase are 
decreased in liver homogenates in protein- 
depletion. Kidnei' phosphatase is also re- 
duced while the total liver phosphatase re- 
mains constant during the depletion of the 
protein reserves. It is knorni that radiation 
also inhibits several of the enzymes, par- 
ticularly the sulfhydryl-containing enzymes, 
as shown by the recent work of Barron and 
his group.-® 

u Clark, W. G., and Une.aiilier, E. P., Pboc. Soc. 
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Autohemolytic 

The manner in which protein-depletion in- 
creases susceptibility to radiation is not known. 
Several methods by which radiation may cause 
death have been postulated and protein-de- 
pletion affects most of these mechanisms. 
Death following radiation may be due to 
infection subsequent to the break-down of 
the normal immunological processes. It is 
well known that protein-depletion interferes 
with immunological responses and this in 
combination with the effects of radiation on 
the epithelial barriers, particularly the in- 
testinal epithelium, may account for the 
increased susceptibility. Also it may be 
more difficult for the depleted animals to 
recover from the leukopenia of radiation so 
that the phagocytic barrier against infection 
is lowered. There is much e\'idence that the 
degree and duration of leukopenia following 
radiation have great influence on mortality.-' 

Since it is known that protein-depletion 
and radiation both interfere with enzyme pro- 
duction or action, it may be that there is an 
additive effect that interferes with enzjnne 
activity to account for the increased radiation 
susceptibility. 

It may be that death is due to anemia 
following bone marrow damage. That this 
mechanism accounts for the increased sus- 
ceptibility does not seem likeh' for protein- 

Btues, A. M., :ind Kietz, L., AXL-4d27, 183, 
194S. 
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depletion per sc does not cause a marked 
lowering in the erythrocj'te or hemoglobin 
lei-els. However it mai' interfere with the 
recoverj’ of the bone marrow and n-ith the 
production of both erythrocytes and leuko- 
cytes. 

It seems possible that the increased sus- 
ceptibility to radiation observed in these pro- 
tein-depleted animals might be due to their 
poor immunological and leukocjdic responses 
or to their decreased production of some es- 
sential enzjone. This problem is being in- 
%'estigated further. 

Conclusions. 1. Protein-depletion in young 
adult male rats, as produced by a weight 
loss of 25% on a protein-poor diet, materially 
increases susceptibility to total body irradia- 
tion. 2. Age or weight in normally nourished 
adult rats, in the 150 to 280 g weight range, 
have little effect on susceptibility to radiation. 
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P. R. Cannon, R. VT. VTisslcr, and E. P. Benditt, 
Deirartmcnt of Pathology, I'niversity of Cliicago; 
A. M. Brucs, Biology Division, Argonne National 
Laboratory. Chicago; L. J. Savage, Department of 
Mathematics, University of Chicago; and H. D. 
Land.nhl, Committee on Mathematical Biology, 
Cniversity of Cliicago, 
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An Autohemolytic Agent in Fetal Liver Extracts.’‘ (17479) 
Da\td B. Tyler 

From ibe Department oj Embryology. Carnegie Instilution o) Washington, Baltimore, Md. 


In the course of studies dealing with 
enzvTnatic activity during fetal and extra- 
uterine development it was noted that e.Y- 
tracts of fetal liver lysed the red cells of the 
same species. It was of interest to determine 
the nature of this phenomenon and to com- 

* This investigation was supported in part by a 
grant from the National Cancer Institute, C. S. 
Ptiblic Itealtli Service. 


pare the activity of adult and feta] e.vtracts. 

Methods. Thirty e.xperiments were per- 
formed. mostly on pregnant guinea pigs and 
their fetuses. few experiments were made 
with pregnant rats or newborn rats and their 
mothers. The pregnant animals were killed 
by decapitation and the maternal blood was 
collected in oxalated tubes. The fetuses were 
then quickly removed and decapitated and 
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bility, control rats for both of these factors 
were used. Quastler® found that in mice, 
with doses in the range of the LD SO, the 
survival time was proportional to body weight 
and age. Hagen and Sacher^® and Hagen 
and co-workers^i reported that in a series of 
mortality studies on rabbits the animals 
weighing more than 2 kg were less sensi- 
tive to x-ray than rabbits weighing less than 
2 kg. Naiman^- recently reported that older, 
and therefore heavier, rats could sustain 
larger doses of radiation than small rats. 
In contrast to these conclusions Hagen and 
Simmons'® studied a series of 638 rats of 
the same strain as that used in this experi- 
ment and concluded that “ivithin the range 
tested (median weight 210 g) any- age or 
weight effect on radioresistance of rats must 
be small.” Boche and Bishop in a study of 
240 rats of the Wistar strain concluded that 
age and sex did not cause significant dif- 
ferences in radiation mortality.''* The co- 
incidence of the two control regression lines 


The finding of increased susceptibility to 
radiation damage in protein-depletion coin- 
cides with findings of increased susceptibility 
in protein-depleted rats to other t5fpes of 
injury. The studies of Cannon, •*■'* Wis- 
sler’-'® and Benditt® have demonstrated that 
antibod}' production is seriously impaired by 
severe and prolonged protein-depletion. 
Taliaferro and associates®® recently demon- 
strated a decreased immunity to trichinosis 
in the protein-depleted rat. A delay in wound 
healing was noted by Kobak and associates®' 
in protein-depletion. The leukocytic response 
of the bone marrow, particularly to repeated 
stimulation, is also markedly impaired by 
depletion of protein reser\'es.®® 
Protein-depletion, in addition to causing 
some decrease in plasma proteins and hemo- 
globin level,®® also causes a decrease in pro- 
duction of several of the enzymes. Tobin 
and co-workers®'* have shorni a reduction in 
hyaluronidase and antihyaluronidase. Benditt 
and associates®® have demonstrated that 


in this experiment and the corresponding 
fiducial ranges indicate that age and weight 
in the adult rat, in the range of ISO to 280 g, 
have little effect on susceptibility to radia- 
tion under the conditions of this study. 

The LD SO/30 of about 700r for the 2 
groups of control rats in this experiment is 
in close agreement with the LD 50/30 being 
obtained at present for similar animals in 
another laboratory.'® This figure is in some 
disagreement with a LD SO/30 of 600r as 
reported by Prosser'® but is in only moderate 
disagreement with a LD SO/30 of 640 d: 5r 
for a Wistar strain of rats as recently re- 
ported by Clark and Uncapher." 
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cytochrome oxidase and succino.xidase are 
decreased in liver homogenates in protein- 
depletion. Kidney phosphatase is also re- 
duced while the total liver phosphatase re- 
mains constant during the depletion of the 
protein reserves. It is known that radiation 
also inhibits several of the enzymes, par- 
ticularly the sulfhydryl-containing enzymes, 
as shown by the recent work of Barron and 
his group.®® 
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-D Taliaferro, IV. H,, Woolridge, R, L., and 
Benditt, E. P,, Science, 1949, 109, 443. 

31 Kobak, M. W., Benditt, E. P., Wisslcr, R. U’., 
and Steffec, H. S., Surg. Gyn. Oh., 1947, 8,5, 751. 

22 Asirvadham, M., J. Infect. Dis., 1948, 83, Si. 

23 Benditt, E. P., Stranbe, R. h., .and Ilum- 
plireys, E. Jf., Proc. Soc. E.xp. Biol. .\kd Med.. 
194G, C2, 1S9. 

2-1 Tobin, J. B., Bcrgenstald, D., and .Steffee, 
H. S., Arch. Biochem., 194S, 10, 37.1. 

25 Benditt, E. P., Steffee, 11. S., Hill, T., and 
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2B Barron, E. a G., Dickman, S., Muntz. J._A^., 
and Singer, S. P., J- Grn. Physiol, 1949, 32, d3,. 



Autohemolytic Factors in Fetal Lb'er 


493 


T^VBLE I. 

Ilcmolvtie Action of Saline Extracts of Fetal and Maternal G^nca Pig Livers. . 


Bilution (see text) 



15.0 

7>5 

3.S 



1.5 

A. Against matern.al red cells 

1. Enlieatcd 

Fetal 

+++-f 

++++ 

+-1- 


Maternal 



0 

0 

2. Boiled 1 min. 

Fetal 

0 

0 

0 

0 

Maternal 

0 

0 

0 

0 

3. Ppt. of boiled extr. 

Fetal 



0 

0 

Maternal 

0 

0 

0 

0 

4. Heated to 5G°C 1 br 

Fetal 


++ 

0 

0 

Maternal 

0 

0 

0 

0 


5. Effect of 0.5 cc serum 


Fetal 

+ + + 

+ 4- 


0 

Matern.al 

0 

0 

0 

0 


20.0 

10.0 

5.0 

2.5 

B. Against fetal red cells 





Fetal 

+-F+-f- 

■f-F+ 

■f-f* 

0 

Matcnial 


0 

0 

0 


15.0 

7.U 

3.8 

1.5 

C. Against rat red cells 





Fetal 

+-4-+-1- 


++ 

0 

^^nternal 

0 

0 

0 

0 


If the extracts alone are allowed to stand for 
12 hours and then tested, a marked increase 
in their ability to produce lysis is found. On 
the other hand, the addition of the sodium 
salt of monoiodoacetic acid to the extracts 
in a final concentration of 0.003 M inhibits 
the increase of activity due to standing. 

Discussion. The results indicate that 
saline extracts of fetal guinea pig liver 
possess greater lytic activity than similarly 
prepared adult (maternal) extracts. The 
actirity is due to both heat-labile and heat- 
resistant factors but the heat-sensitive agent 
accounts for the greater part of the lysis under 
the conditions of these experiments. At 
pre.sent, we cannot account for the fetal- 
maternal difference reported here. There is, 
however, a considerable body of literature 
that may give us insight into the probable 
nature of some of the lytic agents or systems 
involwd. 


There is substantial support for the idea 
that at least 3 hemolytic systems involving 
lysins exist in vivo: (1) It is well known that 
the spleen plays an important role in pre- 
paring red cells for destruction. Rous,^ 
Krumbhaar,- Dameshek,^-* and Ponder^ have 
reviewed the exndence bearing on this. It has 
been suggested that the agent responsible for 
this action of the spleen is produced by 
enzymatic action and the resulting substance 
has been identified as lysolecithin,®'"'® This 

1 Rous, P.. P/rji.sio!. Vcv; 1923, 3, 75. 

- Ivruiubliaur, E. B., Pl<!ji;ioh Pci-., 1920, (I, 100. 

“ Darno.slick, IV., Xru- Kngland J., 1941, 

2S1, 727. 

r D.iincslick, IV., Xar Piifitaiu} Mcil. J., 1942, 
220, 339. 

“ Ponder, E., Ilemnlvsis uiul Related I'licnomena, 
Grune .and Str.atton, 194S. 

•• BercenUetn, B., and EaUtacus. R„ Z. Gcx. Erp. 
.Ifrif., 1930, 07, 555. 
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the blood collected in separate oxalated tubes. 
The fetal and maternal livers, spleens, 
kidneys, hearts and lungs were perfused in 
situ to wash out as much blood as possible 
and then removed and frozen on dry ice. 
When all the tissues were removed and 
frozen they were weighed, then ground in a 
porcelain mortar and 0.9% NaCl %vas added 
to obtain suspensions varying from 5 to 
30%. These suspensions were centrifuged and 
the supernatant fluid was used in subsequent 
tests. 

In the experiments reported here the ac- 
tivity of each extract was tested on both 
fetal and maternal red cells. In several runs 
a suspension of red cells was used from a 
species other than the one from which the 
tissue extracts were prepared. In ail in- 
stances, the cells were washed three times 
with 10 to 12 volumes of physiological saline 
and used in the test as a 1% suspension. 

The supernatant fluid of the tissue sus- 
pension was diluted by pipetting into several 
12 X 75 mm test tubes 1.0, 0.5, 0.25 and 
0.10 ml of the extract and making them up 
to 1.0 ml with 0.9% saline. Several tubes 
containing 1.0 ml saline were prepared to 
serve as controls. One ml of the red cell 
suspension was then added to these tubes. 
Since some fetal liver extracts, despite in 
situ perfusion, possessed interfering color it 
was necessary to set up a series of tubes 
containing various dilutions of the extract 
together with 1.0 ml of saline instead of the 
red cell suspensions. These tubes serx'ed as 
color controls. The tubes were placed in an 
incubator (38°C) and at one-half hour inter- 
vals they were shaken. After 2J4 to 4 
hours incubation they were removed and 
centrifuged at 2,000 RPM for 5 minutes. 
The degree of hemolysis was determined 
visually by the amount of color in the superna- 
tant liquid (corrected for by the “color 
controls”) and by the amount of sediment. 
The usual grades, 4, indicating complete 
hemolysis, to 0, for none, were employed. 

ResuUs. As illustrated in Table I, extracts 
of fetal guinea pig liver (crown-rump size 
from 6 to 9 cm) lysed in vitro, and within 
4 hours, suspensions of red cells from the 


blood of the same fetus, as well as from 
that of the mother. They also exhibited this 
lytic action on red cells from the male of the 
same species, as well as against a red cell 
suspension of rat blood. This activity could 
be demonstrated in dilutions equivalent to 
0.5% of the original suspensions. Extracts 
of maternal guinea pig liver exhibited de- 
tectable activity only in relatively high con- 
centrations and, in the experiments reported 
here, failed to lyse within the 4 hour period 
the red cells of the rat. Extracts of other 
fetal tissues (Table II), with the possible 
exception of the spleen, did not show as 
high activity as that found for liver, nor 
were the fetal-maternal differences as con- 
sistent as those found for liver. Extracts of 
fetal guinea pig spleen, in 2 e.\'periments, and 
fetal kidney, in one e.vperiment, possessed 
greater lytic activity than the corresponding 
maternal extracts. In the rat, fetal liver 
and spleen possessed greater activity than 
the maternal organs. Extracts of adult rat 
lung and adult guinea pig lung appeared to 
produce more lysis than the corresponding 
fetal organs. However, in these experiments 
very little lysis was produced after 4 hours. 

Boiling the extract of fetal guinea pig 
liver for one minute completely destroyed 
the activity (Table I.). The precipitate of 
such a heated extract caused a small amount 
of hemolysis at the end of 4 hours, indicating 
that a heat-stable substance was carried 
down by the precipitate. Heating for one 
hour at 56 °C destroyed about 75% of the 
activity. The addition of fresh serum to 
such a heat-inactivated extract did not re- 
store the actmty. Apparently complement, 
in the classical sense, is not involved in the 
hemolysis. .Allowing the extracts to stand 
for one hour with heated (to 56°C) or fresh 
serum before the red cells are added reduces 
the amount of hemolysis. This may mean 
that an anti-hemolytic factor that is not a 
protein is present in the serum. 

If the complete system (extracts plus red 
cell suspension) is allowed to stand overnight, 
a marked increase in hemolj-sis is obsen-er 
and, in some experiments with liver extracts, 
the fetal-maternal differences are obscured. 
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Although heat-labile factors are responsible 
for the greater portion of the activity reported 
in these experiments a small amount is found 
to be due to heat-resistant substances. This 
brings up the question of their probable nature. 

(3) In addition to the two hemohdic 
systems ibriefly described above there is 
evidence for the existence of a third system. 
Freeman and Johnson^® and Loewy, et al}* 
have shown that an increase in soaps in chyle, 
particular!!^ during fat absorption after a 
meal high in fats, can be large enough to 
bring about a degree of hemolysis on enter- 
ing the blood. The fetal guinea pig liver, 
at the stages studied, has a verj' high fat 
content’^ and it is conceivable that as a result 
there is a sufficient increase in the soap con- 
tent to account for the heat-stable hemolytic 
agent. 

The fact that serum heated, as well as 
fresh, inhibits the activity of the lytic agents 
points to the probability that this may be 
part of an in vivo counteracting mechanism. 

Bearing on the general phenomena reported 
here is the recent observation of Gross*'’-*' 


13 i'reem.'m, L. IV., and Jolinson, V., Am. J. 
Plit;sioI., 194.0, 130, 723. 

H Loe«-}-, A., Freeman, L. W., MarcticUo, A., 
and Johnson, V., Am. J. Physiol., 1943, 138, 320. 

1' Imrie, C. G., and Graham, S. G., J. Biol. 
Chsm., 1920, 44, 243. 

IG Gross, L., Pp.oc. 8oc. Ext. Bion. and Med., 
1947, C.5, 292. 


to the effect that saline extracts from spon- 
taneous mouse mammary carcinomas and 
human, cancer frequently hemolyse red cells 
in vitro. With the former preparation 
hemolysis was obsen-ed after 2 to 3 hours 
incubation whereas with the latter it became 
eiddent only after 24 hours. Weil*'* also 
reported a similar study in which he obsen’ed 
that non-necrotic tumors behaved like normal 
tissue while necrotic tissue apparently pro- 
duced a different kind of a Kriic agent. Both 
Weil and Gross offer their findings as the 
basis for an explanation of the anemias which 
frequentl 3 ’ occur during malignancies. 

It should be noted that in respect to time 
of incubation needed to produce Ij'sis fetal 
liver extracts resemble extracts of spontaneous 
mouse mammary carcinoma. 

Summary. (1) A saline extract of the liver 
of fetal guinea pig possesses greater hemoKriic 
activiU' than a similarly prepared extract 
of maternal liver, as determined after 4 hours 
incubation at SS^C. 

(2) The activit!’, for the most part, is due 
to a heat-sensitive agent and, to a lesser extent, 
to a heat-resistant substance. 

(3) The lytic action of such extracts is not 
species-specific. It will lyse red cells from 
the same fetus, as well as those from the 
mother or from another species. 

ir Gross, L., Proc. Soc. Exp. Biol, as'd Med., 
1949, 70, 65C. 

Bcccived Sept. 1, 1949. P.S.E.B.M., 1949, 72. 


Amino Acid Composition of Morphological Fractions of Rat Livers and 
Induced Liver Tumors.*^ (17480) 

B. S. SCHWEIGERT AND BARBARA T. GUTHNECK, J. M. PkICE,’ J. A. MlLLER, 

and E. C. Miller 

From the .-{mcrican Meat Institute Foundation and Department of Biochemistry, University 
of Chieayo, MeArdlr Memorial Laboratory, University of IViscoiisin. 


In previous studies,*-- comparisons were 
made of the chemical compositions of the 
nuclear, large granule (mitochondria), small 
granule (microsome), and supernatant fluid 
fractions of the livers from normal rats, the 
livers of rats fed the hepatic carcinogen 4- 


dimethjdaminoazobenzene, and the liver 
tumors induced b\- this dye. Ingestion of the 
d\'e resulted in altered levels of protein, 
nucleic acids, and riboflavin in certain frac- 
tions. In particular, increased levels of pro- 
tein in the nuclear fraction and decreased 
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TABLE II. 


Heaiolytie Action of S.iliiie Extiaetg of Other Tissues Using Maternal Bed Cell Suspensions. 




Dilution (see text) 



15.0 

7.5 

3.S 

1.5 

A. Guinea pig 

1. Spleen 

Petal 

-P-1- 

-f- 

0 

0 

Maternal 

4' 

+ 

0 

0 

2. Kidney 

Petal 

+ 


0 

0 

Maternal 

Hh 

0 ' 

0 

0 

3. Lung 

Petal 

0 

0 

0 

0 

Maternal 

++ 

++ 

-b 

4 

B. Bat 

1. Liver 

Fetal 

-\-+++ 

-4" 

-+■ 

0 

Maternal 

++ 

0 

0 

0 

2. Spleen 

Petal 


+-t--l--l- 

-b-b + 

-f- 

Maternal 

±: 


0 

0 

3. Lung 

(Homogenized in 'biendor) 

Petal 

-f+ 

++ 

+ 


yiaternai 

-h-h-i- 

-h-h-l- 

+ -f 

+ 


system is heat-sensitive and is inactivated 
at Se^’C. (2) That lysins can be obtained 
from tissues other than the spleen has been 
shoivn by Metchnikoff » Weil,'® Maegraith, 
Findlay and Martin," and Ponder.'- Weil 
found that kidney and liver extracts con- 
tained lysins and that their activity rvas 
inhibited by serum. He also pointed out 
that the lytic activity of some extracts may 
be derived from residual blood in the tissue. 
In the e.xperiments reported here it was 
extremely difficult to obtain blood-free 
saline extracts of fetal liver. However, it 
should be pointed out that the lytic action 
of fetal liver was equally as potent against 
the red cells of the same fetus as against 
the maternal or rat blood cells, hlaegraith, 
Findlay and Martin" have recently described 


r vr Brii. J- F.XP. Tatlt; 1943 , *A, j8. 
i 2 Vonaer,'E., I. Gen. Fhysiol, lUi, 27, 483. 


a heat-sensitive agent found in a variety of 
human and animal tissues. This agent pro- 
duces lysis after 24 hours of incubation at 
37“C. Their lysin is inactivated at SO'C in 
S minutes and they report it to be species- 
specific. Ponder'- has been able to confirm 
in part the obsenmtions of Maegraith, ct al., 
but he finds that e.xtracts he prepared are not 
species-specific. Weil'® did not determine 
whether his extracts lysed the red cells of 
other species. The heat-sensitivity and lack 
of species-specificity suggest that the pre- 
dominant factor in the fetal liver is similar, 
as far as those two characteristics a.ve con- 
cerned., to the agent found by Ponder.’- but 
differ as to the time required to produce lysis. 
This may be due to a higher concentration of 
the factor in fetal liver. The results also 
suggest that it may be lysolecithin. or some 
closely related substance. The mhdntoo’ 
action of iodoacetate in preventing the ac- 
cumulation of such lytic agents might be ac- 
counted for by its activity on the enzynic 
responsible for the production of the lysolea- 
thin. 
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TABLE I. 

Distribution of Protein nnd Nucleic Acids in the Tissue Practions. 


Fr.action 

Livers from rats fed 

t \ 

Basal diet Basal diet -p dye Rat liver tumors 

Mg protein per g fresii tissue (to the nearest wiioie number) 


■Whole liomogcnate 

123 

lOG 

119 

Nuclei 

16 

16 

42 

L.irge gr. 2 iiules 

41 

29 

14 

Small ” 

18 

16 

12 

Supernatant fluid 

47 

41 

49 

Recovery 

122 

102 

117 

Mg of dcsoxvpentosenncleic acid per g of fresh tissue 


■Whole homogenate 

1.94 

2.10 

5.57 

Nuclei 

1.89 

2.01 

5.00 

Large granules 

0.00 

0.00 

0.49 

Small ” 

0.00 

0.00 

0.10 

Supernatant fluid 

0.00 

0.00 

0.24 

Recovery 

1.89 

2.01 

5.83 

htg of pentosenueleic acid per g of fresh tissue 


"Whole homogenate 

5.70 

3.57 

6.89 

Nuclei 

0.49 

0.25 

1.76 

Large granules 

1.60 

1.06 

0.76 

Small ” 

1.78 

0.97 

1.33 

Supernatant fluid 

1.11 

0.96 

2.47 

Recovery 

5.18 

3.24 

6.32 


vacuo first over CaCU and finally over H 2 S 04 . 
This procedure ivas carried out quantitatively 
and the yields were determined by direct 
weighing. .•Analyses for ash, lipid, and 
glycogen indicate that approximately 97% 
of such preparations is a mixture of protein 
and nucleic acids.*' Nitrogen was determined 
by the Dumas method.^ 

For the microbiological amino acid de- 
terminations, 40 mg of the dried prepara- 
tions were autoclaved in 3 ml of 3 N HCl at 
121 C for 16 hours, neutralized, diluted to 
100 ml and appropriate aliquots were used 
for each assay. Previous studies have shown 
that^ the amino acids determined arc es- 
sentially stable to this treatment. Leucine, 
valine, phenylalanine, and glutamic acid were 
determined with Lactobacillus arabitiosiis 17-5 
as the test organism; arginine, threonine, and 
histidine with Streptococcus Jaccalis R as 
the test organism ; lysine, methionine, aspartic 
acid, proline. serine, isoleudne, tyrosine, and 
ev'stine with Lcucouostoc uicscutcroidcs P-60; 
and glycine with Ijiucouostoc citrovorum 
organism. AH of the assavs 

i Cbirk Mk-roaiialytifiil Laboratories, 104’-. 
IViiit Main tftroct, Vrliana, 111 . 


were carried out with a final volume of 2 ml 
per tube and with the assay conditions and 
media summarized in a recent publication 
Liver extract was also included in the medium 
for Lcucouostoc citrovorum 80S1.” Trjqjto- 
phan was determined on separate 10-30 mg 
samples of the protein preparations by the 
Bates method as described by Graham cf al}- 
Calculated on a fresh weight basis similar 
to that indicated in Table I for protein and 
nucleic acids, the sum of the amounts of each 
amino acid in the 4 fractions was in good 
agreement with the amount found in the 
unfractionated homogenate. 

Results and Discussion. In the preliminary 
study, it was found that, when rats were 
killed by decapitation without ether anesthesia, 
the perfusion removed about 0.05 ml of blood 
per gram of liver. If the rats were killed 

•J.MiDcj-, B. c.. .211(1 Mii/cr. .1. A.. Caitcrr F.c- 
scarch, 1047, 7, 4GS. 

’"Hcliwolgort, B. S.. Gutlmcck, B. T., Kraybill, 
n. R., .nml Gri'enwood, D. . 4 ., J. Hint. Chtm., 1049 
180, 1077. 

” Paubcrlich, It. E., anil Baumann. C. A., •>. 
Lint. C/irm., 194S. 170. Ifi.-). 

V- Graliani, C. E.. .Smith. K. !>.. Dior, .S. tV.. ami 
Klein. Hint. CVirm.. 1047, 108, 711. 
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quantities in the large and small granule 
fractions were observed.^ Similar changes, 
but more extreme, were found in the proteins 
of the tumor fractions.- With the aid of. 
microbiological methods developed for the 
determination of amino acids,®’’* we have now 
determined the levels of 17 amino acids in 
the total proteins of the intracellular fractions 
from the livers of rats fed diets •with or 
without 4-dimethylaminoazobenzene and 
from liver tumors. Isolation of the morpho- 
•logical parts of the cell permitted the detec- 
tion of alterations in the composition of the 
cell which would have been obscured if only 
the whole cell proteins had been analyzed. 

Experimental. .'Although the livers frac- 
tionated for the amino acid determinations 
were first perfused ■with saline, the degree to 
which contamination of the liver proteins by 
blood proteins might otherwise occur was 


libitum, a basal diet,“ containing 12% of 
casein and 1.2 mg of riboflavin per kg. The 
diet for one group also contained 0.06% 
of 4-dimethylaminoazobenzene. After 4 
weeks, the rats were kilied with ether and their 
livers were immediately perfused. The tumor 
tissue was collected from the livers of 20 
rats which had been fed the diet containing 
0.06% of 4-dimethylaminoazobenzene for 4 
to 5 months. Although only liver tumors 
which were less than 1 cm in diameter and 
which showed no gross signs of degeneration 
were used, histological examination showed 
that the tumors contained small areas of 
necrosis and connective tissue and numerous 
leucocytes.® The tumor-bearing livers were 
not perfused. These tumors w’ere nearly 
white and their color was unchanged upon 
perfusion of the liver. This would now be 
expected from the recent demonstration that 


determined in a preliminary study. This was 
calculated for each of several rats from counts 
of the red blood cells in the heart blood and 
in the perfusion fluid from the liver. The rats 
were killed by ether or by decapitation, and, 
in each case, the inferior vena cava was can- 
nulated cephalic to the liver and, ligated just 
caudal to the liver. The portal vein w'as then 
severed and the liver carefully excised. Iso- 
tonic NaCl -^vas introduced through the can- 
nula and alloived to flow out through the 
portal vein into a collecting vessel. The 
livers w’cre weighed before and after per- 
fusion. The livers that were fractionated 
were perfused in a similar manner in situ. 
For the fractionations, two groups of 4 male 
rats? weighing 180 to 200 g were fed ad 

* Tliis work was supported in part .at the TJni- 
versity of Wisconsin hr grants from the National 
Canecr Institute, rnited States Public Health 
Serricc, and the .Tane Coffin Childs Memorial Fund 
for Medical Research. 

t Prcdoctorate Pesearcli Fellow, National Can- 


cer Institute, 19-18-49. 

1 Price, J. M., Miller, E. C., and Miller, J. A., 

/. Biol. Chem., 191S, 1'^'% 

2 Price, J. M-, toiler, J. A., Miller, E. C., and 
Weber G. W-, doncfr Jlcscorch, 1949, 9, 90. 

aSudl, E. E., Adr. ia Frol Chcnc, 1940, 2 So. 
t SeUweigert, B. S., and Snell, E. E., ^vtr. Abst. 
amt Itev., 194C-4T, 16, 491 

} Holtzman Eat Co., Madison, Wis, 


liver tumors are supplied only with arterial 
blood.* Furthermore, omission of this step 
considerably decreased the time required for 
the collection of the tumors. The livers or 
tumors were then pooled, forced through a 
plastic tissue mincer, homogenized in 0.88 JI 
sucrose solution, and fractionated by dif- 
ferential centrifugation as described prew- 
ously.*’®’” The perfusion, centrifugation, and 
all other operations prior to the precipitation 
of the proteins were performed at 3°C. Each 
fraction was suspended in sucrose solution, 
and aliquots from each fraction and the 
unfractionated homogenate were analyzed for 
nucleic acids.® The proteins in the remainder 
of each fraction and from an aliquot of the 
original homogenate were precipitated with 
trichloroacetic acid at a final concentration of 
9% and washed once with 1 il/ acetate buffer 
(pH 5.0) and twice with 95% ethanol. 
Following e.vtraction for 48 hours with 
ethanol at 60 =C in a Soxhiet apparatus, the 
proteins ivere dried in weighing bottles in 

c Jtillcr, E. o.. Miller, .1. A., Kliuc, B. E., .mcl 
Euscli, H. P., Bxp. Med, 194S, 88, 89. 

CBrccdis, C., .ami Young, G,, Fa!. Proe., 194., 

8, 331. 

T Price, .1. Jf., .Miiier, E. C., Jlillcr. .T. A., .mil 
Weber, G. M., Cancer PcxcarcU, 1949. 9, 398. 

sscbnciiler, W. C. .7. Biol. Chem., 1945, iCl, 
293. 
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TABLE in. 

Aniiiio Aei'l Composition of the Proteins of Die Tissue Tractions 
(Expressed as ’7c of the nneleie acid-free iiroleins) 


Fraction 

Proline 

Glycine 

Aspartic acid 

Glutamic acid 

Cystine* 

Tyrosine 

Serine 



Livers 

from rats fed basal diet 4 wk 


3.99 

3.71 

3.S7 

4.09 

3.70 


Whole homogc-natc- 
iCnclei 

Large granules 

Small ” 

Supernatant fluirj 

4.00 

4.3/ 

3.90 

3.TS 

4.20 

4.01 

5.02 
4.16 
3.37 
3.71 

S.3S 

8.06 

8.17 

7.79 

7.99 

9.87 

S.S5 

9.20 

9.20 

10.28 

.58 

.46 

.52 

.55 

.71 

4.0.O 

3.89 

4.05 

3.9S 

3.76 



Livers from rats fed basal 

: diet -4- dve 4 


3.93 

3.45 


Whole homogenate 

4.21 

4.24 

3.97 

5.S3 

7.61 

6.S7 

9.S1 

11.35 

.64 

.46 

3.95 

4.19 

Large grannies 
Small ^ ' 

4.0D 

3.64 

3.90 

3.4.1 

7.13 

7.5-1 

10.44 

9.20 

,49 

.59 

3.S6 

4,19 

3.94 

4.0S 

Supernatant fluid 

3.S1 

3.74 

8.20 

11.10 

.85 

0,84 

. 3.8/ 



Liver tumors induced by feeding dye 4 to 5 mo. 

3.66 


Whole homogen.ate 

4.07 

4.SC 

7.72 

11.11 

.74 

4.30 

Nuclei 

4.24 

6.93 

7.26 

10.83 

.60 

3.63 

4.2S 

Large granules 

3.61 

4.10 

7.79 

9.0S 

.ti) 

4.02 


Small •’ 

3.41 

.3.56 

7.80 

9.79 

-03 

3.0S 

4.34 

Supernatant fluid 

3.60 

3.55 

8.35 

11.41 

.59 

3.99 

5.00 


samples contained 14.5 and 14.9% of nitrogen, 
respectively. Through an oversight, none of 
the protein sample from the whole homogenate 
of the livers of the rats fed the d3'e was 
reserved for nitrogen anah'sis. The 17 amino 
acids determined accounted for 85 and 79% 
of the nitrogen in the nucleic acid-free pro- 
teins from the whole homogenates of the 
livers of the rats fed the basal diet and of 
the liver tumors, .■^nah'ses for alanine with 
Lcuconosfoc dtrovonan indicated that the 
liver proteins from the rats fed the basal 
or dj-e-containing diets and the tumors con- 
tained appro.-dmately 6% of alanine. The 
inclusion of alanine increased the nitrogen 
recoveries to 91 and 86%, respective^, for 
the nucleic acid-free proteins from the livers 
of the rats fed the basal diet and the liver 
tumors. 

Table IV lists those amino acids whose con- 
centrations in the nucleic acid-free proteins 
from the various fractions differed from their 
concentrations in the proteins from the un- 
fractionated tissues by 15% or more. In gen- 
eral, the proteins from the nuclear fractions 
contained less histidine, tryptophan, cystine, 
and phenylalanine and about 40% more gl\’- 
cine than the proteins from the unfraction- 
aled tissues. The proteins from the large 


granules usualli' had a relativel.v low concen- 
tration of histidine, while those from the 
small granules generalh- had a lower concen- 
tration of methionine, proline, and glycine 
and a higher concentration of tra-ptophan than 
the whole homogenate proteins. 

In each case the supernatant fluid proteins 
contained more cj'stine than whole liver pro- 
tein, IMelampi’^^ has shown that the whole 
nuclei of chicken eri-throcrtes contain less 
histidine, triptophan, and pheni’lalanine than 
the ci’toplasm; no anali’ses for ci'stine or 
gh-cine were reported. The livers of the rats 
which had been fed the d 3 'e for 4 weeks con- 
tained 20 to 33% higher concentrations of 
glutamic acid in the nuclear proteins, arginine 
in the large granule proteins, and C3'stine and 
tiyptophan in the supernatant fluid proteins 
than were found in the corresponding frac- 
tions from the normal livers, Table The 
tumor proteins differed from the normal liver 
proteins even more than did those from the 
livers of the rats fed the d 3 ’e. The methionine 
contents of the proteins from each fraction 
were decreased by 25 to 41% while the ca-stine 
contents were increased b 3 ‘ 15 to 44%. How- 
ever, the levels of C3'Stine in these proteins 

IS irelampv, K. Jl.. J. Sid. Chem., 175, 

350 . 
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Tvith ether and not decapitated, approximately 
0.2 ml of blood ivas removed per gram of 
liver. The livers from the rats killed with 
ether had the same weight before and after 
perfusion while the livers from decapitated 
rats gained approximately 15% in weight; 
thus in either case the saline remaining in 
the portal vessels accounted for about 20% 
of the fresh weight of the livers. Therefore, 
the total proteins from the unperfused livers 
of rats killed by decapitation or by ether 
anesthesia would contain approximately 6 
or 22%, respectively, of blood proteins, even 
assuming that the blood contained as little 
as 20% of protein and the perfused liver as 
much as 15% of protein. These results are 
in agreement with those of Grund^® on the 
perfusion of dog liver. The levels of total 
protein, desox3^entQsenucleic acid, and pen- 
tosenucleic acid in the whole homogenates 
and in each of the fractions (Table I) are 
in agreement with previous results.^-- Sub- 
sequent studies have shown that increasing 
the casein content of the basal diet from 
12 to 24% does not alter the level or dis- 
tribution of protein in the livers of adult 
rats.^'‘ In order to express the amino acid 
data on a protein basis, the “nucleic acid- 
free protein” has been calculated by sub- 
tracting the quantities of the two nucleic 
acids from the amount of protein in the same 
fraction. 


The levels of arginine, histidine, lysine, 
leucine, valine, asoleucine, threonine, tryp- 
tophan, phenylalanine, and methionine in the 
nucleic acid-free proteins from the whole 
homogenates and from each of the fractions 
are presented in Table II. Similar data for 
proline, glycine, aspartic acid, glutamic acid, 
cvstine, tyrosine, and serine are shown in 
fable III. By Dumas analysis, the protein- 
nucleoprotein preparation of the whole 
■homogenate from the livers of rats fed the 
basal "diet contained 14.5% nitrogen and the 
whole homogenate from the liver tumors 
contained iS.lfo nitrogen. By calculation, 
the nucleic acid-free proteins from these 


I'! Ornna G Z. BioL, 1910, 54, 173. 
n Price, J. 

Veber, G. M., Cauccr Vcsearch, m press. 
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TABLE V. . T 1 

Snmmarr of Amino Acids -Wliicli Occurred in Livers of Bats Fed Dye and in Tumors at Levels 
That Differed from Normal Liver by lo'/c or 31ore._ 

(Expressed as liiglier (-L) or ( — ) ineweentration than in normal liver). 


Fraction 

Livers from rats fed 
basal diet -r 


Bat liver tumors 

Whole homogenate 


Methionine 

Cystine 

Glycine 

Phenylalanine 

Valine 

—33 

-!-28 

-i-21 

—2.5 

—17 


Nuclei 

Aspartic acid 

—15 


Glutamic acid 

.f28 

Large grannies 

Arginine 

+20 

Small grannies 

Tryptophan 

Methionine 

-1-16 

—17 

Supernatant fluid 

Tryptojihan 

-L33 


Cystine 

-L20 


Methionine 

—41 

Histidine 

—16 

Cystine 

-f30 

Isolencine 

—15 

Glycine 

+2Z 

Lysine 

—16 

Phenylalanine 

—16 

Lcneine 

— 1C 

Glutamic acid 

■ on 



Methionine 

—28 

Histidine 

—18 

Cystine 

+44 

Isolencine 

—18 

Phenylalanine 

—19 

Threonine 

—18 

Methionine 

—24 

Histidine 

—19 

Cystine 

+1.5 



Phenylalanine 

—18 



Methionine 

—25 



Cystine 

+25 



Serine 

+33 




fractions of normal liver. In addition, the 
concentrations of glutamic acid and gh'cine in 
the nuclear proteins and of serine in the super- 


natant fluid proteins were higher in the tumor 
tissue than in normal liver. 

Received October 20, 1940. P.S.E.B.IL, 1949, 72. 


Utilization of Guanine by the C57 Black Mouse Bearing Adenocarcinoma 

Eo771.» (17481) 

George Bosworth Brown, Aaron Bendich, Paul M. Roll, 

AND KaNEMATSU SuGIURA 

From the Laboratories oj the Sloan-Keltcring Institute for Cancer Research, A". Y. 

The effectiveness of the triazole analogue 
of guanine, azaguanine, in inhibiting the 
growth of subcutaneous transplants of mam- 
mary adenocarcinoma Eo77U in mice of the 
C57 black strain has been reported by Kidder, 

• Tile .lutlions ivisb to aclinoivledge the support 
of tlie National Cancer Institute, United States 
Public Ilcaltli Scnicc, the Office of Naval Be- 
.searcli. and the .Tames Foundation of New Yorl:, 

Inc. 


Dewey, Parks and Woodside^ and confirmed 
for this tumor.* It was suggested by Kidder 
and co-workers* that their results indicated 
that the tumor tissue utilizes guanine for 
nucleic acid synthesis while normal tissue 
does not. 

1 Snell, G. D., Cloudman, A. M., and Woodvrortli, 
E., Cancer Hex., 194S, 8, 429. 

2 Kidder, G. W., Dewey, V. C., Parks, B. E., Jr., 
and Woodside, G. L., .Science, 1949, lOD, 511. 
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„ ^ TABLE rs'-. 

Summary of Differences Between Amino Acid Composition of Proteins from Fractions ami the 
, Whole Homogenates Which Exceeded 15%. 

— (Expressed as % higlier (+) or lower ( — ) in concentration in the fraction). 


Livers from rats fed 


Fraction 


Basal diet 


Basal diet + dye 


Eat liver tumors 


Arginine 


+24 


Nuclei 


Large granules 


Small granules 


Supernatant fluid 


Histidine — 1C 
Tryptophan — ^18 
Phenylalanine — 21 

Glycine +40 

Cystine — 21 

Histidine — 16 


Trj"ptophan 4-24 
Metliionino — ^15 

Glycine - — 16 

Tryptophan ■ — 30 
Cystine +22 


Phen3'lalanine 

—16 

Glj'eine 

+47 

Glutamic acid 

+17 

Cj’stiiie 

—28 


Cystine — 23 

Tr}-ptophan +41 

Methionine — 24 

Proline — 16 

Methionine — 17 

Cj-stinc -j-33 


Histidine 

—IS 

Tryptoplian 

22 

Motliioiiine 

—21 

Glj'cine 

+43 

Cystine 

—19 

Histidine 

—20 

Threonine 

—17 

Tryptophan 

+21 

Glj'cine 

—16 

Arginine 

—15 

Tryptophan 

+17 

Proline 

—16 

Glycine 

—27 

Cj'Stine 

—15 

Tr.vptophan 

—26 

Glycine 

—26 

Cystine 

+20 

Serine 

+16 


were relatively low and the cystine assay is 
less reliable than the other microbiological 
assays used. The concentrations of glycine 
and glutamic acid in the nuclear proteins and 
of serine in the supernatant fluid proteins 
were also increased by 23 to 33%, respec- 
tively. ^^^lether the alterations found fol- 
lowing the ingestion of the carcinogen were 
due to changes in the relative amounts of the 
various proteins or to alterations in the com- 
position of specific proteins will require much 
further study. 

Summarv. 1. The perfused livers from 
adult rats fed either a basal diet containing 
12% of casein or the same diet plus 4-dimeth- 
ylaminoazobenzene for 4 weeks, and the liver 
tumors induced by this dye were fractionated 
into nuclear, large granule (mitochondria), 
small granule (microsome), and supernatant 
fluid fractions. The amounts of 17 amino 
acids were determined in the total proteins 
from the original homogenate and m each of 


the fractions. The importance of using per- 
fused livers for these analj'ses was demon- 
strated experimentally. 

2. When the basal diet was fed, the proteins 
from the nuclear fraction contained lower con- 
centrations of histidine, tryptophan, phenyl- 
alanine, and cystine and a higher concentra- 
tion of glycine than the whole liver proteins. 
The large granule proteins contained less his- 
tidine, the small granule proteins less meth- 
ionine and glycine and more tryptophan, and 
the supernatant fluid proteins less tiy'ptophan 
and more cystine than the proteins of the 
original homogenate. 

3. The livers of rats fed the dye contained 
higher concentrations of glutamic acid in the 
nuclear proteins, arginine in the large granule 
proteins, and ci'stine and tryptophan in the 
supernatant fluid proteins than normal livers. 

4. The proteins from each fraction of liver 
tumor contained less methionine and more 
cj'stine than the proteins in the corresponding 
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in anj’ other tissue examined, thus lending 
further support to our hjliothesis. 

Tkletallic Re pmvder was irradiated in the 
Oak Ridge nuclear reactor. It was dissolved 
in 2 ml of concentrated nitric acid and ap- 
propriately diluted for parenteral administra- 
tion. This perrhenic acid solution contained 
2 radioactive Re isotopes, Re’®'’ and Re’®® 
ha^^ng half lives of 90 and 18 hours, respec- 
tively, as well as a large amount of stable 
Re. In nearly all the experiments to be 
described, the 18 hour half life isotope was 
allowed to decay to such an extent that by the 
time of our experiments it was an unimportant 
factor in our measurements. Of necessity, 
however, a relatively large amount of carrier 
Re was given Vidth each dose — from 3 to more 
than 100 jx" depending on the age of the 
irradiated Re. The amount of stable Re 
given in each case was therefore greater than 
a tracer quantity. 

Adult albino rats weighing 250 to 400 g 
were fed on a diet consisting of mixed cereals, 
dried milk, meat scrap, yeast, and salts 
moistened with fresh milk. Fresh vegetables 
were given separately. Since we were study- 
ing only the filtration process of the thyroid, 
it was desirable to inhibit completely the 
reactions whereby thyroxine and diiodotj*- 
rosine are synthesized. To this end, thiou- 
racili was added to the mixture to make a 
1^0 concentration. For comparison with 
normals, however, thiouracil was omitted from 
the food of 8 rats. 

One ml of a HRe*Oj solution having an 
activity of 200,000 to 300,000 counts per 
minute? was injected intraperitonealh- into 
each rat. The animals were sacrificed with 
GHCl.t usually 4 hours after the injection. 
In a number of instances in which the effect 
of time on the Re* concentration of tissues 
was studied, rats were killed 1 to 24 hours 
after injection. .Autopsies were performed 
at once and tissues prepared for analj’sis. 

* W 0 ttiuuk tlic Amt'riraa Cvanaiiiid Company 
for supplyo’K "’e Hiiouracil. 

$ Tlio activity of tivo lie stvipmeuts varicii from 
e.S.OOO to 100,000 epm per jiR at tlie time of Bliip- 
tiieiit a? ilctormined from data stibmUted with the 
irradiated prepar.ations and from the cat.alogue of 
isotope? of tile .Vtomic Energy Commission. 


As much blood as possible was drained from 
the tissue before hashing. One to 2 g samples of 
blood, lung, liver and muscle were weighed in- 
to 15 mm diameter metal planchets, moistened 
with 10-20 drops of 1% NaOH, dried for an 
hour at lOS^C and then at 120-130°C. 
The thyroid of each rat was weighed in a 
planchet, moistened with 1-2 drops of NaOH 
and dried in the same way. The samples were 
then ashed at 450-500°C for 18 hours. The 
ash was coated with 0.5- 1.0 ml of 1% celloidin 
and the activity measured with a thin mica 
window Geiger counter. Appropriately di- 
luted samples of the injected solution meas- 
ured with the same apparatus were used as 
standards to establish the decay curi'e for 
the Re* preparation in each series of ex- 
periments. Known amounts of Re* were 
added to blood and to muscle samples and 
ashed as described. The maximum loss in 
these controls due to self absorption and 
possibly to some loss during ashing was found 
to be not more than 15% and usually less 
than 107o. No corrections are made for 
these errors in the data given. 

Fig. 1 shows the distribution of Re* in 
thyroid, lung, liver, muscle, and blood of 
8 normal rats measured as described. Fig. 
2 shows similar observations on 8 repre- 
sentative rats which had been under the 
influence of thiouracil for from 5 to 20 days 
before Re* was injected. The thyroids 
weighed 45 to over 100 mg depending on 
the duration of thiouracil feeding. They 
were very hj-peremic and hx-perplastic. The 
thjToids of the control rats weighed 14 to 
20 mg, a few being slightly enlarged and 
slightly hj-peremic. 

Four hours after Re* injection, an average 
of 4.5% of the administered dose per g of 
tissue was found in the thyroids of normal 
rats, the range was 1.4 to 7.2% per g. For 
thiouracil treated rats which had been given 
1 ml of a Re* solution containing 3 to 12 /tg 
of carrier, the average concentration was 
12.8% per g of thyroid with a range of 
5.1 to 25.5% per g. When larger amounts of 
carrier were used, smaller proportions of the 
injected dose were found in the thxToids. 
For example, with 4 thiouracil treated rats 
a Re* solution containing 250 ng Re carrier 
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We have, investigated the incorporation of 
isotopically labeled guanine (containing 
in the 1 and 3 nitrogens and in the 2-amino 
group-*) into the nucleic acids of this strain 
of mouse bearing this tumor. The guanine 
was administered in five intraperitoneal in- 
jections, of 2.4 mg each, over a 6 day period, 
beginning on the 7th day after implantation of 
the tumor. Inasmuch as isotopic nitrogen, 
particularly from the 2-amino group, can be 
contributed to body pool ammonia"* it is not 
unlikely that the isotope found in the protein 
residue, pyrimidines and even the adenine 
(Table I) arose from this source. There 
was, however, a small but definite incorpora- 
tion into the guanine of the nucleic acids, but 
there is no evidence of a specific uptake by the 
tumor since the incorporation into the guanine 
of the tumor tissue and into that of the non- 
tumorous viscera of the same mice was sig- 
nificant in each case. 

When guanine was adminisered to an un- 
specified strain of the white rat® or to Sherman 
strain rats (Rockland Farms), either orally"* 

S Sugiura, K., Hitchings, G. M., Cav.alieri, L. F., 
and Stock, C. C., in press. 

■4 Brovn, G. B., Roll, P. M., Plentl, A. A., and 
CnvaHeri, L. P,, /. FM. Clicm., 1948, 173, 469. 

u Plentl, A. A., and Scliocnlieimer, E., J. Biol. 
Chem., 1944, 153, 203. 

■ 0 Brandt, A., Roll, P. M., and Brown, G. B., 
unpublished data. 


Ineorporntion of Guanine into Nucleic Acid of C57 
Mice Implanted with Adenocarcinom.a Eo771. 


Atom % 
excess Ni5 

Injected guanine 

0.40 

Viscera : 


Nucleic acids 

.030 

Total purines 

.049 

Guanine 

.072 

Pyrimidines 

.024 

Tissue residue (after extraction of 


nucleic acids) 

.015 

Tumor ; 


DNA 


Total purines* 

.046 

Adeninet 

.038 

Guanine 

.050 

PNA 


Total purines* 

.058 

Adeninot 

.037 

Guanine 

.105 


* Isol.ited as the copper salts after separation 
of the pentose (PNA) and deso.\j-penfose (DNA) 
nucleic acids bv the Schmidf-TIiannhauser pro- 
cedure. 

t Ciilcnlated from Nir ralucs of adenine picrate. 

or intraperitoneallj',® there was no significant 
incorporation of the guanine into the tissue 
nucleic acids. The species difference in the 
purine metabolism of the Sherman rat and 
the C57 black mouse (bearing adenocarcino- 
ma Eo77]) makes it necessary to be conscious 
of other such possibilities in mammalian 
purine metabolism. 

Received October 17, 1949. P.S.E.B.M., 1949, 73. 


Behavior of Thyroid To-ward Elements of the Seventh Periodic Group. 

II. 'Rhenium.*t (17482) 


Eint J. Baumann, N. Zizmer, Eleanor Oshry, and S. M. Seidlin 

from the Laboratory Divisioit and the Medical Physics Research Laboratory, Montefiore 

Hospital, New York. 


• On the basis of speculations made in a 
previous report* in which we suggested that 


made before the 
imericau Society of Biological Chemists at Be- 
roit May 194S. Fed. Proc., 1949, 8, 182. 

iiided in part by grants from the Anwric.au 
dancer Society .and from the Division of Grants 
U Peilowships of the National Institutes of 
Ie.i]th, United States Public Health Service. 


not only iodine but all the elements of the 
seventh periodic group are selectively filtered 
by the thyroid, we have extended our work 
to include rhenium. As with Cl, Br, I, Mn 
and At, we find that Re also accumulates 
in the thyroid in greater concentration than 


1 Baumann, Emil .T., and Metzger, N., 
Soc. Exp. Biol, .vnd Med., 1949, 70, 530. 
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Fig. 3. 



< 7 

hours Arnfl UljtCTlO!! 


Fra. 4. 

The ratio of the Re* concentration in the lion of lung is c.Nceecled only by that of the 
thyroid to that in the blood is invariably thyroid. 

large, 25 to 100 or more; while the ratio of To determine the effect of time on the 

Re* conccntnition of other tissue.s to blood distribution of the Re* in the body after 
is always less than one. It follows, there- injection of a single dose, 3 experiments were 
fore, that the procc.ss whereby such a high performed. In each case 1 ml of a Re* 
thyroid Re* content comes about is an solution was injected intraperiloneallj’ into 
active selective filtration, and not simply S thiouracil fed rats. .-Xl 1, 4. 7 and 24 hours 
a passK'c reflection of the amount of Re* after injection 2 animals were .sacrificed, 
in the blood pa.=.stng through this organ. The amount of carrier given per rat in these 

In view of the common origin of Ixilh thy- 3 experiments was 5, 10 and 100 /tg and the 

roid and lung from the primordial gill clefts, activity of the preparations per ml was 
it is worthy of note that the Re* concentra- 270,000, 282,000, and 431,000 c/m, rcspoc- 
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Fig. 1. 



Fig. 2. 


per ml was injected; 4 hours later, the thy- 
roids were found to contain only 2.Z to 4.2% 
of the dose per g of tissue. Since the capacity 
of any tissue to take up any substance is 
limited, it is to be e.xpected that with in- 
creasingly large amounts, a smaller fraction 
of the administered dose will be retained. 
As with iodine, the percentage of administered 
Re* that can be taken up vanes m a general 
way, directly with the mass of thyroid and 

'"The amS oTRe"* f 


concentrations of blood, liver, lung and muscle 
of the thiouracil treated rats differed little 
from the corresponding concentrations found 
in the control group. On the average, lung 
of normal rats contained 0.13% of the in- 
jected Re* per g and in thiouracil fed rats 
016%. Corresponding average figures for 
liver were 0.08% and 0.10%, and for muscle 
0.03% and 0.04%, respectively. In all, ex- 
periments were made on 41 thiouracil fed 
rats with similar results in everj" case. Fig. 
3 shows a comparison of the average Re 
uptake of the 8 normal and the 8 representative 
thiouracil fed rats shown in Fig. 1 and Z. 
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Immunologic Response of Hamsters to Influenza Virus Strains.^ (17483) 

- yi . yh SiGEL, E. G. Allest, D. J. Williams akd A. J. Girardi 
(Introduced by W, Henle) 

From The Children’s Bospital oj Philadelphia, (Department of Pediatrics, and f!:f Dhdaon of 
Virology, Department of Preventive Medicine and Public Health, School of Medicine, Lniversity 

of Pennsylvania). 


Studies on strains of influenza \nnis isolated 
from the 1947 epidemic^ vrere complicated 
b\' irregular reactions obtained in hemag- 
giutination-inbibltion tests ivith cbicken sera 
(c.g., nonspecific inhibition). In ^new of 
these difiiculties, it ivas deemed desirable to 
supplement the antigenic studies vrith comple- 
ment-fi.xation tests. Since chicken sera are 
unsatisfactory’ for this purpose, antiserum 
had to be prepared in another species. The 
hamster was selected because of its ability 
to develop antibodies to influenza virus fol- 
lowing inoculation by the intranasal route.- 
The results obtained with hamster sera are 
the subject matter of this paper. 

Methods and Materials. Viruses. The 
following virus strains were used; 

PR8 and Lee 

L 347 , L 747 , and Ls47 

FMi“ 

L449 and Ls49^ 

FJS (type.\) and Warner (typeB)t 
.-Ititigcus. .Allantoic fluids harvested 48 
hours after intraallantoic inoculation of ICh® 
or ICH dilution of seed virus which were 
centrifuged at 2,000 rpm for 10 minutes and 
dialyzed overnight against 20 parts of phos- 
phate buffer saline were used as the “virus- 
bound" antigen. Obviously these prepara- 
tions contained some soluble antigen. No 

* This research was conducted under contract 
with tlie Office of Xaval Bescarch. 

iSigcl, M. M., Shaffer, F. W., Wiener Kirtjer, 
M., Light, A. B., and Henle, W., J. Am. Med. 
Js.m., 1P4S, 13C, 437. 

- Taylor, B. 31., Psoc. Soc. Esr. Biol, asd Med., 
1P40, 43, 541. 

t Obtained in 1P4S from Australia through the 
cimrtc.sy of Dr. S. G. Anderson. 

s Basmutfcn, A. J., Stokes, J., and Smadel, 
J. E., Am. .r. Hyp., 194S, 47, 142. 

■< Sigcl. M. M., Kitts, A. W., Light, A. B., and 
Henle, W., to be published. 


attempt was made to separate the two anti- 
gens from the fluids. Ten or 20% suspensions 
of allantoic membrane were centrifuged at 
2.000 rpm for 10 minutes, and following re- 
moval of the \irus (as determined by absence 
of hemagglutination) by either centrifuga- 
tion at 13,000 rpm for one hour or absorption 
with red cells, or a combination of both 
procedures, the supernatants were used as 
the soluble antigen. Suspensions of unin- 
fected membranes were used as control 
antigens. 

Sera. Hamsters were inoculated by the 
intranasal route with 0.1-0.2 cc of active 
infected allantoic fluids containing \inis. 
Fifteen days later they were bled either with 
needle and syringe from the heart or by 
incision of the thoracic cavity and heart, 
allowing blood to run through funnel into 
tube. The sera were inactivated by heating 
at 56‘'C for 30 minutes. Before being used 
in the hemagglutination-inhibition test, they 
were absorbed with human or chicken 
erjihrocytes, depending on which red cells 
were to be used in the test, 

Bcinagglulination-inhibition Test. The 
procedure for performing the hemagglutina- 
tion-inhibition test has been described previ- 
ously,® The tests were read after 30-45 
minutes of incubation at room temperature. 
In the presence of hamster sera — espedally 
in the lower dilutions — there was a tendency 
on the part of the cells to settle out quickly, 
so that the tubes with agglutinated cells 
showed patterns consisting of fuzzy, serrated 
rings, or clumps of cells against a back- 
ground of a more or less smooth film of cells 
(the kind of film usually observed on the 
bottom of tubes showing agglutination of 
cells in the presence of human or chicken 
sera). 

•'•Sigcl. M, 3L, J. Immunol, 1949, C3, SI. 
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TABLE I. 

Excretion of Injected Be* (%)■ 



Be injected 


Urine 



Feces 


Carrier, 

mg 

Be* activity, 
cpm, XIOOO 

1st 

day 

2n(l 

day 

Total 

1st 

day 

2nd 

day 

\ 

Total 

Bat 12a 

0.010 

309 

84.4 

0.7 

85.1 




” 12b 

0.010 

309 

79.4 

2.2 

81.6 




Babbit 14b 

0.50 

1310' 

94.8 

1.1 

95.9 

.1 

.8 

.9 

” 16a 

1.00 

492 

79.8 

12.4 

92.2 

.0 

.0 

.0 

” 16b 

1.00 

492 

92.1 

2.8 

94.9 

.0 

.0 

.0 


lively. The uptake of Re* by the thyroids is 
shovm in Fig. 4. 

In all tissues examined, the greatest con- 
centration of Re* usually appeared at the one 
hour interval, decreasing rather slowly to 
7 hours after injection, and then more rapid- 
ly; so that 24 hours after, not more than 
^ and usually less than 1/10 of the amount 
found one hour after the injection remained. 
After another day, the tissue activity was 
little more than at background levels. Al- 
though there was considerable variation among 
individuals {e.g. see Fig. 4 at the 24 hour 
interval) this general statement of our find- 
ings held whether 5, 10, or 100 fig of carrier 
were given. Again, udth the larger doses 
as, eg., when 100 fig of carrier Re were given, 
the percentage of the dose found in the 
thyroid and other tissues was much less than 
with the smaller amounts of carrier. 

From these data one may assume that Re 
is rapidly excreted. From the urines of 2 
rats, 85 and 82% of an intraperitoneal Re 
injection was recovered in 2 days of which 
all except 1-2% was excreted in the first day. 
Because of the difficulty of collecting quanti- 
tatively the little urine e.\-creted by a rat, 
similar experiments were made with 3 rabbits. 
Bladders were compressed at the end of 
each day. Here 96, 92, and 95% of the 
injected Re was recovered in 2 days. The 
feces of 2 rabbits showed negligible radio- 
activity, while 0.9% of the injected dose 
was recovered in the feces of the 3rd rabbit. 
Contamination of feces by urine could not be 
excluded. The details of these tests are given 
in Table I. 


Total recovery of injected Re* was at- 
tempted on 2 rats 3.5 hours after intraperi- 
toneal injection of 1 ml of a Re* solution 
containing 13 fig of carrier Re, haidng an 
activity of 125,000 c/m. The 2 rats were 
sacrificed with CHCI3 and tissues prepared 
for analysis. Only 72% and 85%, respective- 


ly, were recovered. 

The Re* was 

distributed 

as follows: 

Sat 1, % 

Bat 2, % 

Thyroid 

1.09 

1.23 

Liver 

1.32 

1.24 

Skeleton and muscle 

12.6 

14.8 

Blood 

2.33 

1.03 

Other viscera 

25.4 

16.7 

Skin and hair 

15.1 

25.2 


A large part of the unrecovered rhenium can 
be accounted for by the loss of urine during 
anesthetization. In general, the distribution 
is similar to that known for chlorine. 

Sinnmary. Rhenium is preferentially and 
actively filtered from the blood by the thy- 
roid. After injecting a single dose, the Re* 
concentration in that organ is 25 to 100 or 
more times greater than that found in any 
other tissue. These findings therefore add 
support to our hypothesis that the thyroid 
will selectively filter from the blood all the 
elements of the seventh periodic group. The 
greatest concentration of Re* in tissues occurs 
udthin one hour. For several hours it de- 
creases slowly and then more rapidlj’’ so that 
more than 90% is recovered from the urine 
in 24 hours. 

Received October 18, 1918. P.S.E.B.M., 1949, 
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Immunologic Response of Hamsters to Influenza Virus Strains.* (17483) 


JL isi. SiGEL, E. G. Allen, D. J. Williams and A. J. Girardi 
(Introduced by W. Henle) 

From The Children’s Hospital of Philadelphia, (Department of Pediatrics, and the Division of 
Virologv, Department of Preventive Medicine and Public Health, School of Medicine, University 

of Pennsylvania). 


Studies on strains of influenza virus isolated 
from the 1947 epidemic^ were complicated 
bj’ irregular reactions obtained in hemag- 
glutination-inhibition tests with chicken sera 
(e.g., nonspecific inhibition). In idew of 
these difficulties, it was deemed desirable to 
supplement the antigenic studies wdth comple- 
ment-fixation tests. Since chicken sera are 
unsatisfactorj' for this purpose, antiserum 
had to be prepared in another species. The 
hamster was selected because of its ability 
to develop antibodies to influenza virus fol- 
lowing inoculation by the intranasal route.- 
The results obtained with hamster sera are 
the subject matter of this paper. 

Methods and Materials. Viruses, The 
following virus strains were used: 

PR8 and Lee 

I. 347, L 747 , and Ls47 

1449 and Ls49^ 

FJS (type A) and Warner (typeB)t 
Antigens, .\llantoic fluids harvested 48 
hours after intraallantoic inoculation of ICh® 
or 10‘'‘ dilution of seed virus which were 
centrifuged at 2,000 rpm for 10 minutes and 
dialyzed overnight against 20 parts of phos- 
phate buffer saline were used as the “virus- 
bound” antigen. Obviously these prepara- 
tions contained some soluble antigen. No 

* This research was conducted nndcr contract 
with tlie Office of Naval Bcsearch. 

1 Sigcl, M. It., Shaffer, F. W., Wiener Kirber, 
M., Light, A. B., and Henle, W., J. Am. Med. 
194S, 130, 437. 

- Taylor, R. M., Pr.oc. Soc. Exr. Biol, and Med., 
1940, 43, 541. 

f Obtained in 194S from Australia through the 
courtesy of Dr. S. G. Anderson. 

3 Rasmussen, A. J., Stokes, J., and Smadel, 

J. E., .4 m. J. Hyri., 194S, 47, 142. 

■* Sigcl, M. Jt., Kitts, A. W., Light, A. B., and 
Henle, W., to bo published. 


attempt was made to separate the two anti- 
gens from the fluids. Ten or 20% suspensions 
of allantoic membrane were centrifuged at 
2,000 rpm for 10 minutes, and following re- 
moval of the virus (as determined by absence 
of hemagglutination) by either centrifuga- 
tion at 13,000 rpm for one hour or absorption 
with red cells, or a combination of both 
procedures, the supernatants were used as 
the soluble antigen. Suspensions of unin- 
fected membranes were used as control 
antigens. 

Sera. Hamsters were inoculated by the 
intranasal route with 0. 1-0.2 cc of active 
infected allantoic fluids containing tdrus. 
Fifteen days later they were bled either with 
needle and syringe from the heart or by 
incision of the thoracic cavity and heart, 
allowing blood to run through funnel into 
tube. The sera were inactivated by heating 
at S6'C for 30 minutes. Before being used 
in the hemagglutination-inhibition test, they 
w'ere absorbed wdth human or chicken 
erythrocytes, depending on which red cells 
were to be used in the test. 

Hemagglutination-inhibition Test. The 
procedure for performing the hemagglutina- 
tion-inhibition test has been described previ- 
ously.* The tests were read after 30-45 
minutes of incubation at room temperature. 
In the presence of hamster sera — especially 
in the lower dilutions — there was a tendency 
on the part of the cells to settle out quickly, 
so that the tubes with agglutinated cells 
showed patterns consisting of fuzzy, serrated 
rings, or clumps of cells against a back- 
ground of a more or less smooth film of cells 
(the kind of film usually obsetv'ed on the 
bottom of tubes showing agglutination of 
cells in the presence of human or chicken 
sera) . 

3 Sigcl, M. M., J. Immunol., 1949, 02, SI. 
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TABLE I. 

Excretion of Injected Be* (%). 



Be injected 


Urine 



Feces 


Carrier, 

mg 

Be* activity, 
cpm, XIOOO 

1st 

day 

2nd 

day 

s 

Total 

1st 

d.ay 

2na 

d.ay 

Total 

Bat 12a 

0.010 

309 

84.4 

0.7 

85.1 




" 12b 

0.010 

309 

79.4 

00 

81.6 




Babbit 14b 

0.50 

1310' 

94.8 

1.1 

95.9 

.1 

.8 

.9 

” 16a 

1.00 

492 

79.8 

12.4 

92.2 

.0 

.0 

.0 

” 16b 

1.00 

492 

92.1 

2.8 

94.9 

.0 

.0 

.0 


tive]}^ The uptahe of Re* by the thyroids is 
shoivn in Fig. 4. 

In all tissues examined, the greatest con- 
centration of Re* usually appeared at the one 
hour interval, decreasing rather slowly to 
7 hours after injection, and then more rapid- 
ly; so that 24 hours after, not more than 
^ and usually less than 1/10 of the amount 
found one hour after the injection remained. 
After another day, the tissue activity was 
little more than at background levels. Al- 
though there was considerable variation among 
individuals (e.g. see Fig. 4 at the 24 hour 
interval) this general statement of our find- 
ings held whether 5, 10, or 100 /ig of carrier 
were given. Again, with the larger doses 
as, eg., when 100 /tg of carrier Re were given, 
the percentage of the dose found in the 
thyroid and other tissues was much less than 
with the smaller amounts of carrier. 

From these data one may assume that Re 
is rapidly excreted. From the urines of 2 
rats, 85 and 82^^ of an intraperitoneal Re 
injection was recovered in 2 days of which 
all except 1-2% was excreted in the first day. 
Because of the difficulty of collecting quanti- 
tatively the little urine excreted fay a rat, 
similar experiments were made rrith 3 rabbits. 
Bladders were compressed at the end of 
each day. Here 96, 92, and 95% of the 
injected Re was recovered in 2 days. The 
feces of 2 rabbits showed negligible radio- 
activity, while 0.9% of the injected dose 
was recovered in the feces of the 3rd rabbit. 
Contamination of feces by urine could not be 
excluded. The details of these tests are given 

in Table I. 


Total recovery of injected Re* was at- 
tempted on 2 rats 3.5 hours after intraperi- 
toneal injection of 1 ml of a Re* solution 
containing 13 /ig of carrier Re, having an 
activity of 125,000 c/m. The 2 rats were 
sacrificed with CHCI3 and tissues prepared 
for analysis. Only 72% and 85%, respective- 
ly, were recovered. The Re* was distributed 
as follows: 


Tliyroid 

Eat 1, Vc 
1.09 

Bat 2, 9!, 
1.23 

Liver 

1.32 

1.24 

Skeleton and muscle 

12.6 

14.S 

Blood 

2.33 

1.63 

Other viscera 

25.4 

16.7 

Skin and hair 

15.1 

25.2 


large part of the unrecovered rhenium can 
be accounted for by the loss of urine during 
anesthetization. In general, the distribution 
is similar to that known for chlorine. 

Sinntnary. Rhenium is preferentially and 
actively filtered from the blood by the thy- 
roid. After injecting a single dose, the Re* 
concentration in that organ is 25 to 100 or 
more times greater than that found in any 
other tissue. These findings therefore add 
support to our h 3 Tiothesis that the thyroid 
will selectively filter from the blood all the 
elements of the seventh periodic group. The 
greatest concentration of Re* in tissues occurs 
within one hour. For several hours it de- 
creases slowly and then more rapidly so that 
more than 90% is recovered from the urine 
in 24 hours. 

Kcceived October 18, Wit*. P.S.E.B.il., lOiO, t2. 
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TABLE III. 


CroES-eomplement-fixation Test Tvith Soluble Antigens and Hamster Sera. 


Antigen 

Dilution 


Serum 


PBS 

Lj47 

L 449 

Ls49 

PES 

1:2 

48 

12 

24 

12 


1:4 

48 

12 

24 

12 


1:S 

24 

12 

24 

24 


1:1G 

48 

12 

12 

24 


1:32 

48 

<12 

<12 

<12 


1:64 

12 

<12 

<12 

<12 

1 

^4 

1:2 

12 

24 

48 

24 


1:4 

12 

24 

24 

24 


1:8 

12 

24 

24 

24 


1:16 

<12 

12 

<12 

<12 


1:32 

<12 

<12 

<12 

<12 


1:64 

<12 

<12 

<12 

<12 

L 449 

1:2 

12 

12 

24 

24 


1:4 

12 

12 

24 

24 


1:8 

12 

12 

24 

24 


1:16 

<12 

12 

12 

24 


1:32 

<12 

<12 

<12 

<12 


1:64 

<12 

<12 

<12 

<12 

Ls49 

1;2 

12 

nt 

24 

24 


1:4 

12 

nt 

24 

24 


1:8 

12 

nt 

24 

24 


1:16 

<12 

nt 

12 

12 


1:32 

<12 

nt 

<12 

<12 


Using the complement-fixing allantoic fluid 
antigen of influenza virus, the 1947 and 1949 
strains were distinctly set off from the PR8 
Hrus by the lack of reaction — in the dilu- 
tions used — between their sera and the anti- 
gen of the PR8 virus (Table II). The 
anti-PR8 serum with a higher homologous 
titer than the other antisera reacted with 
the recent strains. Although when tested 
vlth the PR8 antigen in suboptimal dilu- 
tion (1:16) the homologous and heterologous 
titers of this serum were the same, with 
higher concentrations of the PR8 antigen the 
homologous titer was 4 to 16 times greater 
than the heterologous titers. 

.As shown in Table HI, the complement- 
fixation test with the soluble antigens brought 
out the kinship of these strains. The results 
with the PR8 antiserum resembled the cor- 
responding findings with the “allantoic fluid” 
antigen, but the results with the other sera 
diflered from those obtained with the allantoic 
fluid antigen in that these sera reacted with 
the PR8 soluble antigen to a titer of about 
the same magnitude as the homologous titers. 
This reaction was tj'pe-specific. There was 


no reaction between any of these sera shown 
in Tables II and III and the Lee \irus 
antigens. 

Discussion. The fact that hamster antisera 
are active in complement fixation as well 
as hemagglutination tests should make them 
very useful in the tj'ping of newly isolated 
strains. 

Taylor® has employed hamster sera in anti- 
genic analyses of strains of influenza virus. 
In our laboratory it was possible to type 
the viruses isolated from the outbreak of 
influenza of 1949'* by such a procedure on 
primary isolation. The membranes of 
embryos used for primary isolation sers'ed as 
source of the soluble antigen. Once the tj'pe 
of virus has been established, strain dif- 
ferentiation can be accomplished by agglu- 
tination-inhibition tests using hamster sera. 
A general idea about the relationship of the 
isolated ■virus to other newh' identified strains 
(subtj'pe specificity) may be obtained from 
the complement-fixation reaction with al- 

c Taylor, R. M., Am. J. Fuh. Health, 194P, 39, 
171. 
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TABLE I, 

Cross-Iiemagglutination-inhibition Beaetions -svitli Hamster Antisera. 


Antigen 




Serum 




BBS 

BJS 

FMi 

L 347 

L-47 

Bs47 

Lee 

BBS 

2560 

20 

20 

<15 

<15 

15 

<13 

FJS 

<15 

320 

20 

Id 

15 

<15 

<15 

PMi 

<15 

60 

320 

240 

80 

80 

<15 

L 347 

<15 

40 

240 

320 

120 

60 

<15 

Lj47 

<15 

<15 

60 

60 

120 

30 

<15 

M7 

<15 

15 

30 

30 

40 

240 

<15 

Lee 

<15 

<15 

<15 

<15 

<15 

<15 

SO 


TABLE II. 

Cross-eomphment-fixatwn Test mth Allantoic PJuid Antigens nnd Hamster Scrn. 

Serum 


Antigen 

Dilution 

BBS 

L;47 

L^49 

Ls49 

BBS 

und. 

192* 

<12 

<12 

<12 


1:2 

192 

<12 

<12 

<12 


1:4 

96 

<12 

<12 

<12 


1:8 

192 

<12 

<12 

<12 


1:16 

24 

<12 

<12 

<12 


1:32 

<12 

<12 

<12 

<12 

L 747 

und. 

12 

48 

24 

24 

1:2 

12 

96 

48 

24 


1:4 

24 

90 

48 

48 


1:8 

24 

90 

4S 

48 


1:16 

12 

48 

48 

24 


1:32 

<12 

24 

<12 

<12 

L 449 

und. 

12 

48 

48 

43 

1:2 

24 

24 

48 . 

24 


1:4 

24 

48 

48 

48 


1:8 

12 

48 

48 

48 


1:16 

12 

24 

24 

48 


1:32 

<12 

12 

<12 

<12 

L849 

und. 

1:2 

12 

24 

nt 

jit 

24 

48 

48 

48 


1:4 

24 

nt 

48 

96 


1:8 

12 

lit 

48 

48 


1:16 

12 

nt 

48 

24 


1:32 

<12 

nt 

<12 

<12 


♦ Serum titer expressed as tlie reciprocal of serum dilution. 


Complement Fixation Test. The procedure 
of the complement fixation test was as 
follows: Serial, two-fold dilutions of serum 
n 0.1 cc amounts were mixed with O.I cc 
imounts of progressively diluted antigen and 
rt'ith 0 2 cc of complement diluted to contain 
1.5-2.0 units. The tubes were kept -over- 
ni-rht in the refrigerator. The binding of 
complement was determined by the addition 
of a2 cc of sensitized cells (consisting of 
0 1 cc of 2% sheep cells plus 0.1^ cc of 
nntimallv diluted hemolysin) and incuba- 
S at for 30 minutes. The titers 


represent initial dilution of serum, and are 
based on 3-f or 4-f readings. 

Results. As shown in Table I, hamster 
sera gave highly specific reactions in the 
hemagglutination-inhibition test. Not only 
was there no reaction between the strains from 
1947- 194S and the anti-Lee serum, but there 
was very little or no cross-relationship between 
these strains and the PR8 \drus. Moreover, 
the recent strains exhibited antigenic dif- 
ferences among themselves. It appears that 
the L,-,47 and FlMi xiruses are probably 
identical strains. 
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TABLE I. Exp, 1. 



Group 

% incidence 
of edema 

Degree of 
edema 

92 dead 

Symptoms 

1. Controls 

100 

3.0-!- 

0 

— . 

2. Adx untreated 

SO 

3.0 

10 

30% cyanotic and all 

S.Adx -p epinephrine 

0 

0 

0 

prostrated 

None 

4. Adrenal demedullated 

SO 

4.0 

0 

j I 


TABLE II. Exp. 2. 


Group 

% incidence 
of edema 

Degree of 
edema 

% dead 

Symptoms 

1. Entreated controls 

80 

4 

0 



2. Adx untreated 

100 

4 

100 

Died in 134-3 hr 

3. Adx -p epinephrine 

50 

3 

0 

Good condition 

4. Adrenal demedullated 
(untreated) 

75 

4 

0 



histaminic action.” Selye- and Leger and 
Masson^ found that among other things, 
“alarming stimuli” or stress such as exercise, 
cold, India ink and formalin injections in- 
hibited the reaction. Since epinephrine pro- 
tects against egg white edema in the normal 
rat and against the enhanced histamine sensi- 
tivitj- in the adrenalectomized rat, it seemed 
possible that it would protect against the 
increased egg white sensitivity and mortality 
in adrenalectomized rats as effectively or 
more so than adrenal cortical e.xtract. Since it 
was considered possible that “alarming 
stimuli” may act by releasing endogenous 
epinephrine, additional experiments were done 
in adrenal demedullated rats and rats in 
which adrenergic blockade was induced. 

Methods and Results. The methods of pro- 
ducing and grading^ the severity of the ede- 
matous symptoms have been described else- 
where.^ Two to 4 hours after the intraperi- 
toneal injection of fresh, filtered (or redis- 
solved lyophilized) egg white, the edema of 
the face and e.xtremities was graded by the 
per cent incidence and by the 0-4-j- degree of 
edema. In addition, where adrenal insuf- 
ficiency was included, the per cent mortality 
and symptoms were recorded. Leger and 
Niassan s obseix’ations of enhanced sensitivity 
following adrenalectomy were confirmed. Fol- 
lowing adrenalectomy, the rats were kept on 
the stock diet (Purina Chow) and 1% 
NaCl -f 0.2 fo NaHCOs drinking fluid for 


some time before they were given egg white. 
If the salt tberapr^ was continued up to and 
following the injection, there were fewer 
deaths than if the}' were deprived of salt for 
24 hours, but in any case the symptoms were 
much more severe than in animals with intact 
adrenals. 

E.vp. 1. Four groups of 10 male rats (Slo- 
naker strain) each, average body weight 270 g 
were given egg white, 0.5 cc per rat, intraperi- 
toneally. The operations were performed 10 
days prior to injections, and the adrenalecto- 
mized rats were kept on salt throughout the 
experiment. The epinephrine-HCl (Parke, 
Davis natural product), 0.1 mg/kg was in- 
jected subcutaneously at the same time as the 
egg white. The symptoms were graded 4 
hours afterward. 

Adrenalectomy enhances the toxicitv of the 
egg white and the severity of the symptoms. 
Epinephrine affords complete protection, in 
contrast to adrenal cortical extract.^ Adrenal 
demedullation alone does not aggravate the 
symptoms. 

Exp. 2. Four groups of 4-5 males each, 
average body weight 250 g were injected with 
I.O cc egg white per rat. The symptoms were 
graded 3 hours later. The operations were 
performed 19 days before the injections, and 
the adrenalectomized rats were kept on salt 
until 24 hours before the injections, at which 
time water was substituted. The epinephrine- 
HCl, 40 micrograms,/kg was injected sub- 
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lantoic fluid containing virus antigen. Another 
advantage in using hamsters is the ability 
of these animals to produce antibodies in 
response to low concentrations of virus. This 
makes it possible to prepare antisera to 
viruses in first or second egg passage. This 
is not always feasible with chickens because 
more virus is required to induce antibody 
formation in these animals. The value of 
hamster sera is slightly affected by a short- 
coming; the hemagglutination-inhibition test 
is difficult to read because of the rapid 
settling of cells, giving rise to fuzzy or 
serrated discs of agglutinated cells. 


Summary. Antisera prepared in hamsters 
by the intranasal instillation of allantoic fluids 
containing influenza virus were type-specific 
when used in the complement-fixation test 
with the soluble antigens; group- or subh-pe- 
specific {e.g. A prime) when used in the 
complement fi.xation test with the allantoic 
fluid antigen, and strain-specific in hemag- 
glutination-inhibition tests. 

It appears that the hamster is an animal 
best suited for quick identification of influenza 
viruses. It is suggested that their sera be 
used for systematic classification of strains. 

Beccived October 5, 1949. T.S.E.B.M., 1949, 72. 


Effect of Epinephrine, Antihistaminics and Adrenergic Blockade on Egg 
White Edema in Adrenal Insulficient Rats.* (17484) 

WiLLUM G. Clark and Eaton M. IVIacICay 
(With the technical assistance of Mary Jordan) . 

From the Medical Service, Veterans Administration Center, Los Angeles, Cttli).,-f and The Scripps 
Metabolic Clinic, La Jolla, California. 


Recently we reported a marked protection 
by 0.1 mg/kg epinephrine hydrochloride 
against the acute edema induced by the 
intraperitoneal injection of egg white in rats.^ 
Selye" and Leger and INIasson^ showed that 
adrenalectomy greatly sensitized rats to this 
edema and led to death in a large percentage 
of the animals. .Adrenal cortical extract pro- 
tected such animals from dying but not from 
the edema, nor did it confer protection to ani- 
mals with intact adrenals. Kellaway,-* Wyman,® 
and Perla and Marmorston-Gottesman,® Wy- 


* Supported by a grant from the Life Insarance 
Medical Besearcli Fund, 

1 Published with the approval of the Cdiief 
Medical Director, Veterans Administration. The 
statements and conclusions published by the first 
antiior are a result of Iiis own study and do not 
necessarily reflect the opinion or policy of tlie 
Veterans Administration. 

2 Clark, W. G., and MacKay, E. M., PrOC. Soc. 
Exp. Bioi.. axd Med., 1949, • 1, SC. 

- Sclye H., Endocrinol., 1937, 31, 1G9. 

3 Leger, .1., and Masson, G. M. C., Ann. Atlcrffif, 

Kdinwi, c. IL, .7. Physiol, 1923, 57, 82. 


man' and Ingle, et of.®'® showed that epi- 
nephrine antagonized histamine to,xicity in 
adrenalectomized rats. The egg white edema 
syndrome could conceivably be caused by the 
local release of histamine or a histamine-like 
substance, since antihistaminics effectively 
combat the edema, as demonstrated by Leger 
and Masson,^® Brown and Werner, and our- 
selves.^ The doses of antihistaminics required 
are considerable, however, which may also 
suggest that the protection results from pre- 
capillary arteriolar vasoconstriction^ and de- 
creased capillary filtration rather than “anti- 

Wyman, L. C., Am. J. Physiol, 192^29^ 87, 29. 
oPeria, D., and Marmorston-Gottesmau, .1., Am. 
J. Phi/siol, 1929, 8», 152. 

"Wyman, L. C., Am. J. Fhysiot., 1929, 89, 35C. 
s Ingle, D. J., Am. J. Physiol, 1937, 118, 57. 

9 Xnglo, D. .1., Nezarais, .1. E., and Kuieenga, 
M. II., Exp. Med. and Snry., 1947, 5, 379. 

10 Leger, J., and JIasson, G., Am. J. Med. Sei., 
1947, 214, 305. 

11 Brown, B. B., and Werner, IL W., J. tab- 
Clin. Med.. 1948, 33, 325. 

19 Haley, T. J., .and Harris, H., .7. Pharm. Exp. 
Thcrap., 1949, 93, 293. 
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TABLE I. Exi>. 1. 


Group 

% incidence 
of edema 

Degree of 
edema 

92 dead 

Symptoms 

1. Controls 

100 

3 . 0 -}- 

0 

— 

2. Ads untreated 

SO 

3.5 

10 

3092 cyanotic and all 





prostrated 

3. Ads -b epineplirine 

0 

0 

0 

Xone 

4. Adrenal demedullated 

SO 

4.0 

0 


TABLE n. Exp. 2. 


% incidence 

Degree of 



Group 

of edema 

edema 

92 dead 

Symptoms 

1. Entreated controls 

80 

4 

0 

— 

2. Ads untreated 

100 

4 

100 

Died in lb2-3 hr 

3. Ads -b epineplirine 

50 

3 

0 

Good condition 

4. Adrenal demedullated 

75 

4 

0 

— 

(untreated) 






histaminic action.” Seh'e- and Leger and 
Masson^ found that among other things, 
“alarming stimuli” or stress such as e.xercise, 
cold, India ink and formalin injections in- 
hibited the reaction. Since epinephrine pro- 
tects against egg -svliite edema in the normal 
rat and against the enhanced histamine sensi- 
tivity in the adrenalectomized rat, it seemed 
possible that it would protect against the 
increased egg white sensitmty and mortality- 
in adrenalectomized rats as effectively' or 
more so than adrenal cortical extract. Since it 
was considered possible that “alarming 
stimuli” may' act by' releasing endogenous 
epinephrine, additional e.xperiments were done 
in adrenal demedullated rats and rats in 
which adrenergic blockade was induced. 

Methods and Residts. The methods of pro- 
ducing and grading the severity' of the ede- 
matous symptoms have been described else- 
where.i Two to 4 hours after the intraperi- 
toneal injection of fresh, filtered (or redis- 
solved lyophilized) egg white, the edema of 
the face and extremities was graded by' the 
per cent incidence and by the 0-4-}- degree of 
edema. In addition, where adrenal insuf- 
ficiency was included, the per cent mortality 
and symptoms were recorded. Leger and 
^lasson s observations of enhanced sensitivity 
following adrenalectomy' were confirmed. Fol- 
lowing adrenalectomy', the rats were kept on 
tte stock diet (Purina Chow) and 1% 
NaCl -}- 0.2% NaHCOs drinking fluid for 


some time before they' were given egg white. 
If the salt therapy was continued up to and 
following the injection, there were fewer 
deaths than if they’ were deprived of salt for 
24 hours, but in any' case the symptoms were 
much more severe than in animals with intact 
adrenals. 

Exp. 1. Four groups of 10 male rats (Slo- 
naker strain) each, average body' weight 270 g 
were given egg white, 0.5 cc per rat, intraperi- 
tonealh'. The operations were performed 10 
day's prior to injections, and the adrenalecto- 
mized rats were kept on salt throughout the 
experiment. The epinephrine-HCl (Parke, 
Davis natural product), 0.1 mg/kg was in- 
jected subcutaneously at the same time as the 
egg white. The sy'mptoms were graded 4 
hours afterward. 

Adrenalectomy enhances the toxicity of the 
egg white and the severity of the symptoms. 
Epinephrine affords complete protection, in 
contrast to adrenal cortical extract.^ Adrenal 
demedullation alone does not aggravate the 
sy'mptoms. 

Exp. 2. Four groups of 4-5 males each, 
average body' weight 250 g were injected %vith 
1.0 cc egg white per rat. The sy’mptoms were 
graded 3 hours later. The operations were 
performed 19 day’s before the injections, and 
the adrenalectomized rats were kept on salt 
until 24 hours before the injections, at which 
time water was substituted. The epinephrine- 
HCl, 40 micrograms,/kg was injected sub- 
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TABLE III. E.xp. 3. 



Group 

% incidence 
of edema 

Degree of 
edema 

% dead 

Symptoms 

1. Untreated controls 

100 

4.0 

0 


2. Adx (on salt throughout) 

100 

' 4.0 

so 

Cyanotic and pros- 

3. Adx -p epinephrine 
(on salt throughout) 

100 

4.0 

25 

trated 
< group 2 

4. Adx (off salt 1 day) 

SO 

3.0 

so 

Cyanotic and pros- 

0 . Adx -p epinephrine 
(off salt 1 day) 

80 

2.5 

40 

trated 
< group 3 


TABLE IV. Exp. 4. 


Group 

% incidence 
of edema 

Degree of 
edema 

% dead 

Symptoms 

1. Untreated controls 

100 

4.0-}- 

0 


2. ” ” 

0 

0 

None 

-f SY-28 

3. Adx untreated 

100 

4.0 

SO 

Cyanotic and pros- 

4. Adx untreated -f SY-28 

0 


0 

trnted 

Prostrated 


cutaneously at the same time as the egg white 
(which is a sub-effective edema-preventative 
dose.)^ 

Doses of epinephrine which fail to prevent 
egg white edema even in animals ivith intact 
adrenals, completely protect against the fatal 
effects of egg white intoxication which tills 
100% of the untreated adrenalectomized rats. 
Adrenal demedullation alone does not enhance 
the edema, 

Exp. 3. Five groups of 5 males each, aver- 
age body weight 180 g, were given egg white 
0.5 cc per rat. The symptoms were graded 
2 hours later. The adrenalectomies were per- 
formed 14 days before the injections, and the 
animals were maintained on salt both through- 
out the experiment, and withheld 24 hours 
prior. The epinephrine-HCl, 0.2 mg/kg was 
injected subcutaneously at the same time as 
the egg white injections. 

As in Exp. 2 vs 1, intensification of adrenal 
insufficiency by salt deprivation enhances the 
susceptibility of adrenalectomized rats, but 
epinephrine still exerts its protection, in con- 
firmation of the previous two e.xperiments. 

Exp. 4. Four groups of 5 males each, 
average body weight 180 g were given egg 
white 0.5 cc per rat. The symptoms were 
.Traded 2 hours later. The adrenalectomies 
were performed 14 days before the injections, 
and the rats were maintained on salt through- 


out the experiment. “SY-28”, a j3-haloalkyl 
amine (dibenamine congener) adrenergic 
blocking drug, N-(2-bromoethyl)-l-naphtha- 
lene-methylamine hydrobromide.i was given 
10 mg/kg subcutaneously at the same time as 
egg white. 

SY-28 in the dose employed, protects normal 
and adrenalectomized rats against edema and 
death, although it was by itself toxic to adren- 
alectomized rats. ‘‘SY-28” is a potent anti- 
histammic'®’^® in addition to being a very 
effective adrenergic blocking drug,^®'^® as are 
several other jS'-haloalkylamines.*®"’'''*’’’® 
Since it is known that antihistaminics 
inhibit egg white edema in rats tvith intact 
adrenals, it was felt that experiments 

} Generously supplied by Dr. G. Rieveschl, Jr., 
P.irbe, Davis and Co., Detroit, Midi. 

WLoeiv, E. B., and Mieeticli, A., J. Pharm. Exp. 
Therap., 1948, 94, 339. 

n Stone, C. A., and Loow, E. B., J. Phnna. Exp- 
Therap., 1948, 94, 350. 

13 Vlcescliliouwer, G. R. de, Paoc. Soc. Ext. 
Biol, and Med.. 1948, 0", 298. 

i« Nickerson, M., and Gump, W. S., J. Pharm. 
Exp. Therap., 194.9, 97, 25. 

It Nickerson, M., and Harris, F. B., Fed. Proe., 
1949, 8, 321. 

IS Nickerson, M., J. Pharm. Exp. Therap., 1949, 
05, Part II, 27. 

lOLoew, E. P., nnd inceficli, A.. J, Pharnu Pxp. 
Thtrnp.f 19-iO, 05, 
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TABLE V. Exp. 5. 


Group 

% incidence 
of edema 

Degree of 
edema 

% dead 

Symptoms 

Adx saline controls 

1 ce egg -vvliite 

100 2.0 

100 

Severe cyanosis 

” phenergan, 5 mg/kg 

GO 

1.5 

20 

Cyanosis 

” ” 10 mg/kg 

100 

2.0 

20 

Some evanosis 

” ” -25 mg/kg 

00 

1.0 

0 

Xone 

Adx saline controls 


Xo egg white 

0 

J J 

” phenergan, 5 mg/kg 

— 

— 

0 

J > 

” ” 10 mg/kg 

— 

— 

0 

J J 

” ” 25 mg/kg 

— 

— 

0 

> t 


should be performed in ivhich an antihis- 
tamic as well as a purely adrenergic blocking 
agent was used in adrenal insufficient animals. 
As an antihistaminic, Phenergan^ (N-dime- 
thylamino-2-propyl- 1 -thiodiphenylamine, “3 2 
77-RP”) was selected because of its potent 
antihistaminic action and its anti-capillary 
permeability effects, and because in the 
previous report^ it was found to be a highly 
effective inhibitor of egg white edema in the 
normal rat. 

Exp. 5. Eight groups of 5 males each were 
adrenalectomized 8-10 da 3 's prior to the ex- 
periment and maintained on salt until 24 hr 
prior to the e.xperiment, at which time water 
was substituted. The average body weight at 

i Generously supplied by Drs. A. Gibson and 

R. C. Rogge of Merck and Co., Inc., Rahn'ay, N. J. 

20 Halpern, B. N., J. Allcrgij, 1947, 18, 2C3. 

2> Halpern, B, X., and Crucliard, S., Compf. 
rend. Soc. de Viol., 1947, 141, 103S. 

22 Halpern, B. N., Ada AUcrgologica, 194S, 1, 3. 

22 Halpern, B. X., Hamburger, F., and Crucliard, 

Ada AUcrgologica, 194S, 1, 97. 

2^ Halpern, B. X., Guillaumat, L., and Cruebard, 

S. , Acta AUcrgologica, I94S, 1, 370. 

2-7 Hamburger, J., Halpern, B. X.. and X'cel, J., 
Compt. rend. Soc. dc Viol.. 1948, 142. 183. 

-0 Halpern, E, X., Guillaumat, L., and Crucliard, 
S., Compt. rend. Soc. de Viol.. 1948, 142, 022. 

Halpern, B. X., Vermeil, G., and Cruebard, S., 
Compt. rend. Soc. dc Viol., 1948, 142, 1380. 

2S Halpern, E. X., and Laubseber, J., Sem. Hop., 
1948, 24. 007. 

-0 Halpern, B. X., and Hamburger, J., Canad. 
Med. Astsn. J., 194S, 50, 322. 

SO Reuse, J. J., Compt. rend. Soc. dc Viol., 1948, 
1-12, 038. 

21 Kenvin, .T., Uilyot, G. E., Fellows, E. J., .and 
Macko, E., Fed. Proc., 1949, S, 308. 


the time of the experiment was 175 g. Phener- 
gan in 2 cc volume was given subcutaneously 
to the first 4 groups in doses of 5, 10 and 25 
mg/kg simultaneouslj’ with 1 cc egg white 
intraperitonealh', and in similar doses to the 
last 4 groups without egg white, in order to see 
if the doses of drug given in the absence of egg 
white were toxic in adrenal insufficient rats. 
The symptoms were graded 2 hours later, 
Phenergan, a potent anthistaminic and anti- 
capillary ‘‘permeability” drug, effectively an- 
tagonizes egg white to.xicit}' in adrenal in- 


TABLE VI. Exp. 6. 


Group (normal rats) 

% incidence 
of edema 

Degree of 
edema 

1. Egg white, 1 cc /kg 

0 

0 

O fJ ffO f f 

0 

0 

3. ” ” 3 ” 

0 

0 

4. ’ ’ * ’ 4 ’ ' 

30 

2.0-f 


!i In order to rule out the possibility that 
Phenergan protected normal rats against egg white 
edema, as preWouslv reported,! via epinephrine re- 
lease from the adrenal medulla, experiments were 
performed on 10 normal and 10 adrenal demedul- 
lated rats given 2 cc/kg egg white intraperi- 
toneally, and with and witliout 2.5 ing/kg Pheuer- 
gan subcutaneously 1 hour prior to the egg wliitc. 
There were no ditferenecs in the incidence, onset 
and intensity of the resulting severe edema, in 
confirmation of our previous work in which it was 
found that 10 xngAg was inhibitory i In another 
experiment on 20 adrenal dcmcdullatcd rats, how- 
ever, 25 mg/kg of Phenergan completely inhibited 
the edema, whereas the untreated animals had 
marked edema. This experiment therefore rules 
out the possibility, suggested by the nearly con- 
vulsive doses of antihistaminics used by Legcr and 
Masson, !0 and Brown and Werner, ii that the anti- 
histaminics act by releasing epinephrine from the 
adrenal glands. 
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TABLE VII. Exp. 7. 


Group 

Egg white, 

ccAg 

% incidence 
of edema 

Degree of 
edema 

% de.ad 

1. Normal controls 

2 

100 


0 

2. 

4 

100 

3 ' 

0 

3. Normal, -j- SKF-501 

o 

83 

2 

0 

4. 

4 

83 

2 

0 

5. Adx controls 

2 

S3 

2 ' 

33 

6. ” ” 

4 

83 

o 

S3 

7. ” + SKP-501 

f> 

100 

2 

17 

S. ” -f ” 

4 

83 

O 

33 


sufficient ratsll and does so in doses which 
are not toxic in adrenalectomized rats not 
given egg white. As an adrenergic blocking 
agent ivithout antihistaminic action, “SKF- 
501, ”11 N-(9-fluorenyl)-N-ethyl-^-chloroe- 

thylamine, was chosen since it is an even more 
powerful yet less toxic adrenergic block- 
ing drug than Dibenamine itself,^^ but 
has little or no antihistaminic activity/* as 
might be predicted on the basis that in over 
100 compounds tested by Nickerson,^®'^® only 
a-naphthylmethyl- and /?-phenoxyethyl de- 
rivatives of the y3-haloakylamines were found 
to be effective antihistaminics. 

Exp. 6. Four groups of 3 normal male rats 
each, average body weight 310 g were given 
egg white, 1, 2, 3 and 4 ccAg, respectively, of 
1:1 egg white-saline mixture intraperitoneally 
3 hours after 2 mgAg SKF-SOl intravenously. 
The symptoms were graded 2 and 3 hours 


later. 

SKF-SOl, a purely adrener^c blocking 
agent, inhibits egg white edema in normal rats. 

7. Forty-eight male rats w^ere divided 
into 8 groups of 6 each, with an average body 
weight of 310 g. The operated groups were 
adrenalectomized 7 days prior to the experi- 
ment and were maintained on salt until 24 
hours prior to the e.xperiment, at which time 
water was substituted. The drug-treated 
groups were given 2 mgAg SKF-SOl intra- 
venously 1 hour before egg white. The egg 
white was given in 2 doses, 2 ccAg and 
ccAa intraperitoneally, and the symptoms 

unyot oi 

Smith, Kline and French Laboratories, Philadel- 

tested by the prevention of lustaminc- 
wduced spasm of the isolated guinea pig intos- 

tine.t® 


were graded 3 hours later. 

SKF-SOl, a purely adrenergic blocking drug^ 
decreases the mortality caused by egg white 
edema in adrenal insufficient rats. The pro- 
tection in normal controls is somewhat less 
when given 1 hour before than when given 3 
hours before as in Exp. 6. 

Discussion. The edema and toxicity in- 
duced in normal and adrenal insuffident rats 
by the intraperitoneal injection of egg white 
is inhibited by epinephrine and arterenol and 
probably other pressor substances, but not by 
Isuprel.ll l-(3',4'-dibydrox>'phenyl) - 2 - iso- 
propylaminoeffianol-HCl,^ {present paper). 
The cephalic edema caused by /i-phenylene- 
diamine is inhibited by epinephrine, tyramine,. 
phenylethanolamine, drugs which release en- 
dogenous epinephrine such as strychnine and 
nicotine, and by sympathetic stimulation.®'^''' 
Epinephrine also relieves the edema associated 
with urticaria and angioneurotic edema. In 
adrenal insufficiency the increased capillary 
filtration of fluids induced by traumatic shock,, 
intraperitoneal administration of hypertonic 
solutions, egg white, and in all probability 
/>-phenylenediamine, intravenous hyaluroni- 
dase®^ and other conditions, probably all 
lead to hj^potensive shock as a result of an un- 


t Not invcstig.ited in adrcimloctomized rats. 

12 ILanzIik, P. J., J- Ing. Ilyg., 1923 , 4, 386 . 
isTainter, M. L., and Hanzlik, P. J., J. Ftiami. 
p. Therap., 1924 , 24, 179 . 

■■i Gibb-s, 0. S., J. Pharm. Exp. Therap., 19-4, 

, 221 j 1931, 42, 65. 

15 Tainter, Jt. L., J. Pharm. Exp. Therap., 19-G,. 
, 201; 1928,33, 129. 

w Cohen, M. B., 'Wasscrman, P., and Endolph, 
A , J. Pharm. Exp. Therap., 1933, 48, 235. 
sTEIsfer, S. K., Frccin.m, M. E., and Dorfm.m,. 
Am. J. Physio}., 1949, ICO, 429. 
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compensated decreased blood volume. Epi- 
nephrine may antagonize all of those effects by 
its arteriolar vasoconstrictive action; and in 
addition protects adrenalectomized animals 
against histamine and anaphylactic shock. 
Antihistaminics inhibit egg white edema, 
hyaluronidase edema, urticarias, angioneu- 
rotic edema and histamine and anaphylactic 
•shock probably both by antagonizing the ac- 
tion of released histamine and by decreasing 
■capillary filtration by arteriolar vasoconstric- 
tion. No explanation can be given for the pro- 
tective effect of adrenergic blockade in egg 
■white edema. j\t first thought, it might have 
been anticipated that it would aggravate the 
•condition by blocking the protective action 
■of endogenous epinephrine and sympathin-N. 
This is not the case, however, and the fact the 
■adrenal demedullation also is not detrimental 
is confirmatory of this lack of effect. It is 
possible that SFK-501 and the adrenolytic 
component of SY-28 protect in the same way 
that Dibenamine does in hemorrhagic and 
traumatic shock, as demonstrated by Reming- 
ton, although the mode of action in both 
cases is unknown. The effect suggests, how- 
ever, the participation of an adrenergic com- 
ponent in egg white edema, as seems to be the 


Elster, S. It., Freeman, M. E., and Lowry, 
E. L., J. Pfiarm. Exp. Tlierap., 1949, 96, 33'2. 

Remington, J. tV., Wheeler, N. C., Boyd, G. 
H., Jr., and CaddcH, It. M., Pp.oc. Soc. Exp. Bion. 
AND Mm., 1948, 69, 14G. 

•lO Remington, J. W., Fed. Proc., 1949, 8, 131. 


case in the pulmonary edemas induced by 
ammonium chloride"--*- and increased in- 
tracranial pressure or brain concussion.^" 

Summary. Epinephrine protects adrenal in- 
sufficient rats from the edema and mortality 
caused by the intraperitoneal administration 
of egg white. ^Mortality is prevented by doses 
(0.04 mg /kg) which are not able to prevent 
edema in rats with intact adrenals. 

The antihistaminic Phenergan, N-dimethyl- 
amino-2-propyl-l-thiodipheny!amine (“3277 
RP”), in doses as low as 5 mgAg prevent 
death from egg white edema in adrenalectom- 
ized rats. 

“SY-28”, N- ( 2-bromoethyl) -1-naphthalene- 
methj’lamine hydrobromide, a Dibenamine 
congener possessing both antihistaminic and 
adrenergic blocking actirnty, also prevents the 
edema and death, but is in itself toxic to 
adrenalectomized rats. 

“SKF-501 ”, N- (9-fluorenyl ) -N-ethyl-jS- 
chloroethylamine, a Dibenamine cogener with 
potent adrenergic blocking powers but with a 
low toxicity and without antihistamine action, 
also inhibits the edema and decreases the 
mortality. 

The possible modes of action are discussed. 

II Koenig, H., and Koenig, R., Am. J. Physiol., 
1949, 158, 1. 

•*- MacKay, E. M., Jordan, M., and JIacKay, 
L. L., Proc. Soc. Exp. Biol, axd ^Ied., 1949, 72, 
421. 

■13 MacKay, E. JI., in press. 

Receivcfl October 18, 1949. P.S.E.B.M., 1949, 72, 


A Microbiological Assay for Vitamin Bjo Using Lactobacillus leichnmnnii.* 

( 17485 ) 


H. T. Peeler, H. Yacowttz and L. C. Norris 

From ihe .4gricii!liiral E.xpertmenl Slalion and School o) Xiilrilioit, Cornell University, 

Ithaca, X. 1'. 


Lactobacillus Icklmannii (.\TCC 4797) 
has been reported by several laboratories*"^ 
to be a useful test organism for the micro- 
biological measurement of vitamin Bia- 
Skeggs, et al.^ found ascorbic acid and air to 
stimulate a growth response in this organism 
in the absence of \-itamin Bia on a basal 


medium containing casein hydroljfsates, but 
were able to minimize these effects by auto- 
claving the test assay for IS minutes at 
120°C. Other workers® also found certain 
reducing agents to promote a growth response 
in both L. Ickhmanmi (.ATCC 4797) and 
L. leichmannii (ATCC 7830) in the absence 
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of vitamin Bjs on casein hydrolysate media, 
but in addition found that these agents were 
able to increase the growth response produced 
by vitamin Bjo. In attempting to overcome 
these difficulties, a microbiological assay has 
been developed which is highly sensitive to 
vitamin B 12 and which yields consistent re- 
sults. The experimental basis and the details 
of the procedure are presented in this report. 

Assay Procedure. The culture of Lacto- 
bacillus leichmannii 4797 used in this assay 
was obtained from the American Type Culture 
Collection, Georgetown University, Washing- 
ton, D. C. L. leichmannii (ATCC 7830) 
has also been used successfully in this assay. 
The culture is maintained in a stab medium 
composed of 5 ml of double strength basal 
medium (Table I), 0.3 unit of 15 unit USP 
injectable liver extract, 150 mg of agar and 
distilled water to make 10 ml. Each week 
it is transferred to a broth medium^ in which 
it is grown for 24 hours at 37°C and is then 
taken back to the stab medium. The 
inoculum is prepared by growing the organism 
for 24 hours in a broth medium having the 
same composition as the stab medium except 
for the omission of agar. The procedure for 
the inoculation and incubation of the assay 
is the same as that described by Daniel, 
et al.“ except that the diluted inoculum is 

* This work was undertaken in cooperation with 
the Office of Naval Eeseareh, Kar-y Department, 
Washington, D.C., and was aided by grants to 
Cornell University by the Nutrition Foundation, 
Inc., New York, the Cerophyl Laboratories, Inc., 
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Fig. 1. 

Response of Lactohacilhts leichmannii to crys- 
talline vit. Bj 2 . 

made to read 60 on the galvanometer scale of 
a Coleman spectrophotometer at wave length 
650 m^. The composition of the amino acid 
medium used in this method is presented in 
Table I. It is a modification of the medium 
used by Daniel, et al.^ in studies on the nutri- 
tion of L. casci and that of Snell, et al.’^ for 
L. leichmannii. 

After all constituents of the medium are 
combined, the pH is adjusted to 5.5 with 20fo 
potassium hydroxide. The volume is then 
made to 1 liter and the medium steamed for 
5 minutes. Five ml of the double-strength 
basal medium and the sample to be assayed 
are placed in the assay tubes. The final vol- 
ume is made to 10 ml. The assay is incubated 
at 37°C for 16 hours or until the tube con- 
taining 0.1 my of vitamin B 12 reaches a 
turbidimetric reading of approximately 30 on 
the galvanometer scale of the spectropholo- 


Kansas City, Mo., The Commercial Solvents Cor- 
poration, New York City, The Cooperative G.L.F. 
Exchange, Ithaca, N. Y., and the Western Con- 
densing Company, San Francisco, Calif. This work 
was conducted in the Nutrition Laboratories of the 
Department of Poultry Husbandry. The technical 
assistance of Betty F. Brown and Diana M. Cam- 


eron is acknowledged. 

1 Skeggs, H. K., Huff, J. W., Wright, L. D., and 
Bosshardt, D. K., J. Siol Chem., 1948, 176, 1459. 

2 Capps, B. F., Hobbs, N. L., and Fox, S. IL, 
/ Biol. Chem., 1949, 178, ol(. , 

3 Stokstad, E. L. R., Dornbush, A. C., Franklin, 
A. L., Hoffman, C. E., Hutchings, B. L., and Jukes, 
T H , Fed- Proc., 1949, 8, 257. 

'iNymon, M. C., Gnnsalus, I. C., and Gortner, 
W. A., Rcicncc, 1945, 102, 125. 


meter, .^t this time the turbidity of the cell 
suspension is read by placing the inoculated 
blanks at 100 on the galvanometer scale. ^V^y 
little growth, if any, is ordinarily present in the 
blanks. .A typpical standard curve is shown 
in Fig. 'I. Tlie results show that on this 
basal medium the assay range is between 0.001 
and 0.04 my of wtamin B 12 per ml of medium. 

The canned tomato juice used in this method 
is purchased on the open market. It is 
filtered through No. 617 Eaton and Dikeman* 

Daniel, L. J., Scott. M, L., Heuscr, G. F., and 
Norris, L. C,, .7. Biol. Chem., 1948, 1 *4, il. 

e Snell, E. E., Kit.ay, E., and McNutt, W. S,, 
.T. Biol. Chem., 1948, 175, 47.8. 
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filter paper on a Buchner funnel with the aid 
of Celite filter aid ( Johns-iManville) . The 
resulting solution is adsorbed with 12.5 g of 
activated norit per liter at the natural pH 
of the serum (4.0 to 4.2) for hour and 
filtered to remove the norit. 

Development of Assay. Cri'stalline vitamin 
Bni and a potent vitamin Bi-j concentrate' 
were used in the development of this assay. 
The vitamin B 12 concentrate was prepared 
from 15 unit USP injectable liver extract by 
the technic of counter-current distribution as 
■described by Craig.® The results of a study 
showing the need of L. leichmannii for a 
growth factor present in tomato juice is pre- 
sented in Table II. Crystalline vitamin B 12 
was observed to produce a submaximal 
plateau response when assaj'ed on the amino 
add medium containing no tomato juice. 
The addition of adsorbed tomato juice filtrate 
promoted a much improved growth response 
from the vitamin especially at the higher 
levels. Increasing the content of ferrous sul- 
fate and cysteine, or adding ascorbic acid or 
sodium thioglycollate to the medium, did not 
replace the need for the supplement contrarj^ 
to the findings of Stokstad, ct al.^ The same 
results were obtained when lyophilized tomato 
juice filtrate was employed. 

Preliminary experiments showed also that 
a phenol-n-butyl alcohol extract of USP in- 
jectable liver extract which had been freed 
of vitamin B 12 and thymidine is capable of 
replacing tomato juice as a source of unknown 
factors in the assay medium. Other studies 
indicated that the factor for L. leichmannii 
and that reported by Daniel, ct al.^-^ for L. 
casci are concentrated by counter-current dis- 
tribution in the same fractions of injectable 
liver e.xtracts and therefore may be identical. 
IVhether this factor is the same as that re- 
ported by Shorb''' has not been determined. 

During some early studies it was found that 

t The Eaton-Dikeman Company, Mt. Holly 
Springs, Pa, 

t The cryst.alline vitamin Bjo used in this work 
was kindly supplied hy Dr. E. Lester Smith of 
Glaxo LaVoratories. England, and Dr. D. F. Green 
of Merck and Co., Balmny, N. J. 

* C.irlson. C. W ., Thesis, Cornell Cniversitv, 

S Craig, L. C., J. Jihl Clicm., 1941, 15o, 519. 


TABLE I. 


Double-Strength iledium* for Assay of Vit. Bjo 
L'sing 'Lactn'bacUhis leiclimaunU. 


DL- Alanine 

425 

mg 

L- Arginine 

42.5 


DL-Aspartic acid 

425 


L-Cvstine 

400 


L-Glutamic acid 

1213 


Glvcine 

425 


L-Histidine 

425 


L-Hydroxyproline 

50 


DL-Isolcueine 

425 


DL-Lcucine 

425 


L-Lvsine 

213 


DL-Methionine 

425 


DL-Norleucine 

425 


DL-Phcnvlalaniue 

100 


L-Proline 

425 


DL-Scrine 

50 


DL-Threonine 

50 


DL-Tryptophan 

50 


L-Tvrosine 

400 


DL-Valine 

425 


Asparagine 

150 


Glutamine 

200 


Glucose 

40 

e 

Cvstehic hvdrochloride 

2 


Sodium acetate (tribydrate) 

12 

f t 

Sodium citrate 

10 


MgS04 • 7HoO 

2.8 

i 1 

FeSO^ • 7H.>0 

soo 

mg 

MnSO^ • 4HoO 

600 

J » 

KH-.PO4 

4 

R 

K,HP04 

4 

97 

Adenine sulfate 

10 

mg 

Guanine hvdrochloride 

10 

> ) 

Uracil 

10 

> J 

Xanthine 

15 

> > 

Tween SOt 

0 

ml 

Tomato jiiieo filtratet 

600 

f J 

Pvrido.xiue 

4 

mg 

Prridoxal 

4 

T J 

Niacin 

2 

» J 

Riboflavin 

0 

) 7 

Thiamine 

0 

7 7 

Calciimi pantotlienate 

0 

J 7 

Biotin 

10 

7 

Folic acid 

110 

7 7 

Pvridoxaminc 

soo 

7 1 

p-.Aminobenzoic acid 

80 

9 7 

Distilled water to make 

1000 

ml 


* After preparation the pH of the medium is 
adjusted to H.o with 20% potassium hydroxide, 
steamed 5 minutes and cooled. 

t Polyoxyethylene sorbitan monooleate (Atlas 
Powder Co.). 

i Prepared as described previously. 

better growth is obtained with L. leichmannii 
at the same level of Htamin B 12 when the 
initial pH of the medium was more acidic 
than the usual value of 6.6 to 6.8.^'--® In 

3 Daniel. L. .L, Peeler, H. T.. Norris, L. C., and 
Scott, M. L., .1. Biot. Chem., 1949, 177, 917. 
lOShorh, Mary S., J. Bad.. 1947. 53, 6G9. 
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of vitamin Bi 2 on casein hydrolysate media, 
but in addition found that these agents were 
able to increase the growth response produced 
by vitamin Bjo. In attempting to overcome 
these difficulties, a microbiological assay has 
been developed which is highly sensitive to 
vitamin Bjo and which yields consistent re- 
sults. The experimental basis and the details 
of the procedure are presented in this report. 

Assay Procedure. The culture of Lacto- 
bacillus leichmannii 4797 used in this assay 
was obtained from the American Type Culture 
Collection, Georgetown University, Washing- 
ton, D. C. L. leichmannii (ATCC 7830) 
has also been used successfully in this assay. 
The culture is maintained in a stab medium 
composed of 5 ml of double strength basal 
medium (Table I), 0.3 unit of IS unit USP 
injectable liver extract, 150 mg of agar and 
distilled water to make 10 ml. Each week 
it is transferred to a broth medium^ in which 
it is grown for 24 hours at 37°C and is then 
taken back to the stab medium. The 
inoculum is prepared by growing the organism 
for 24 hours in a broth medium having the 
same composition as the stab medium except 
for the omission of agar. The procedure for 
the inoculation and incubation of the assay 
is the same as that described by Daniel, 
et al.^ except that the diluted inoculum is 

* This work was undertaken in cooperation with 
the Office of Jf.-ival Kcse.arcli, Jtavv Department, 
Washington, D.C., and was aided bv grants to 
Cornell XJmrersity by the Nutrition Poundation, 
Inc., New York, the Ccropliyl Laboratories, Inc., 
Kansas City, llo., The Commercial Solvents Cor- 
poration, New York City, The Cooperative G.L.P. 
E-vehange, Ithaca, N. Y., and the Western Con- 
densing Company, San Francisco, Calif. This work 
was conducted in the Nutrition Laboratories of the 
Department of Poultry Husbandry. The technical 
assistance of Betty F. Brown and Diana JI. Cam- 
eron is acknowledged. 

1 Skeggs, H. K., Huff, J. W., Wright, L. D., and 
Bosshardt, D. K., •L Siol. Chem., 1948, I/O, 1459. 

2 Capps, B. F., Hobbs, N. L., and Fox, S. H., 

J Biol. Chem., 1949, ^1'- / 

3 Stokstad, E. L. B., Dornbush. A. C., Franklin, 

A. L., Hoffman, C. E., Hutchings, B. L., and Jukes, 

T H Frd. Proc., 1949, 8, 9o/. 

'iNymon, M. C., Gunsalus, !. C., and Gortner, 

W. A., Science, 1945, 102, 125. 


FOR Vitamin B 12 



Fio. 1. 

Besponse of Lactolacillus leichmannii to crys- 
talline vit. Bj 2 . 


made to read 60 on the galvanometer scale of 
a Coleman spectrophotometer at wave length 
650 m/t. The composition of the amino acid 
medium used in this method is presented in 
Table I. It is a modification of the medium 
used by Daniel, et al.^ in studies on the nutri- 
tion of L. casei and that of Snell, et al.’’ for 
L. leichmannii. 

After all constituents of the medium are 
combined, the pH is adjusted to 5.5 with -20% 
potassium hydroxide. The volume is then, 
made to 1 liter and the medium steamed for 
5 minutes. Five ml of the double-strength 
basal medium and the sample to be assayed 
are placed in the assay tubes. The final vol- 
ume is made to 10 ml. The assay is incubated 
at 37°C for 16 hours or until the tube con- 
taining O.I m-/ of vitamin B 12 reaches a 
turbidimetric reading of approximately 30 on 
the galvanometer scale of the spectrophoto- 
meter. At this time the turbidity of the cell 
suspension is read by placing the inoculated 
blanks at 100 on the galvanometer scale. Very 
little growth, if any, is ordinarily present in the 
blanks. A typical standard curve is shown 
in Fig. T. The results show that on this 
basal medium the assay range is between 0.001 
and 0.04 m-/ of vitamin B 12 per ml of medium. 

The canned tomato juice used in this method 
is purchased on the open market. It is 
filtered through Xo. 617 Eaton and Difcemanl 

5D.3n!cl, L. J., Scott, M. L., Heuser, G. F., ami 
Norris, L. C., J. Biol. Chem., 1948, l~-i, 71. 

« Snell, E. E., Kit.-iy, E., and McNutt. W. S., 

,T. Biol. Chem., 1P4S, Jr.T, 473. 
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TABLE n. 

■Response of L. Iciclimannu to Vit. in Presence and A'bsence of an TJnidentified Grovrtli 
Factor in the Medium. 

Galvanometer readings* 




Medium without 

Medium -with 



tomato juice 

tomato juice 

Substance 

Dcvel per tube 

filtrate 

filtrate 


m7 



None 


100 

100 ' 

Crystalline vit. Bja 

.012 

.036 

85 

75 

80 

57 


.059 

66 

42 


.118 

57 

26 


.236 

50 

20 


.412 

53 

13 

* A galvanometer 

reading of 100 represents no 

growth. 



TABLE III. 

Comparison of Two Different Media in the Assay of Vit. Bjo. 

Galvanometer readings* 


Substance 

Level per tube, 

niy 

Amino acid 
medium 1 

Casein-hydrolysate 

mediumf 

None 


100 

100 

Crystalline -vit. Bj. 

.012 

76 

95 


.036 

49 

8S 


.059 

35 

79 


.118 

26 

61 


.236 

16 

40 


.412 

13 

24 

Vit. Bjo cone.? 

.012 

74 

98 


.036 

50 

93 


.059 

36 

90 


.118 

23 

93 


.236 

15 

83 


.412 

11 

74 


mg 



Adsorbed enzyme digested casein!! 

25 

IS 

~ 


* A galvanometer reading of 100 means no growth, 
t The amino acid medium reported in this paper. 

i Prepared as described hy Skeggs cl at., J. BioT. Chem., 1948. 176, 1459. 

^ Prepared as described previously. 

11 A constttnent of the easein-hydrolysatc medium. Adsorbed three times the amount re- 
ported necessary by Skeggs et al, J. Biol. Clievu, 1948, 17C, 1459. 


The results of studies on the recovery of 
vitamin Bie from USP injectable liver ex- 
tract are presented in Table IV. The results 
showed a mean recover}"- of 100.8% from this 
product. These results were confirmed by 
conducting recoveries from Wilson’s liver 
fraction L. In this case individual recoveries 
ranged from 96.7 to 109.4^0 with a mean 
recovery of 100.7%. No synergism was found 
to exist between the natural materials and 
crystalline vitamin The assay method, 


therefore, appears to be specific for vitamin 
Bi; activity. Further evidence of this -was 
obtained in counter-current distribution 
studies of injectable liver extract since the 
assay of the fractions in the various tubes 
indicated the partition of a single substance. 

Thymidine,? -which was sho-wn to promote 

$ The thymidine used in these studies Trns kindly 
supplied by Dr. William Sliive of the University 
of Texas. 
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Fig. 2 . 

Response of Lactobacillus leiclmannii to vit. 
Bj 2 concentrate on fresli and aged media. Medium 
A contains no cysteine and only 1.11 mg per tube 
of FeS 04 -73:20. Medium B contains 4 mg per 
tube of FeS04 • 7H2O and 10 mg per tube of 
cysteine. 


view of this finding, studies were undertaken 
to establish the optimum pH range for this 
organism on the amino acid medium. Nine 
samples of the medium were used. Each con- 
tained vitamin B 12 in such quantity that, on 
dispensing, every assay tube had 0.4 my of 
vitamin B 12 . The pH of these samples was 
adjusted so as to have a graded series ranging 
from 4.0 to 7.0. The results showed that 
under these conditions maximum growth was 
progressively retarded at pH values greater, 
or less, than pH S.S. 

On a medium prepared as shown in Table I, 
but containing no cysteine and only 222 mg 
of FeS 04 • 7 H 2 O per liter, poorer growth was 
obtained at the same level of vitamin B 12 
when the medium was a few dap old than 
when it was prepared fresh. This effect be- 
came marked if a vitamin Bjc concentrate 
prepared from a IS unit USP injectable liver 
extract was used as the supplement. _ In at- 
tempting to overcome the effect of aging, the 
addition of 2 mg of ferrous sulphate per tnhe 
to the a^ed medium was found to restore it 
to a “fresh” condition. Response curves 
demonstrating this are shown in Fig 2. _ 

• Studies were then undertaken to detpmine 
how to preser%'e the medium m a fresh con- 
dition for longer periods of time. In these 
eSments 0.118 my of vitamin B ,2 concen- 

i,r“rof the stetly sh»ed .ha, the 


growth response reached a plateau with either 
4 mg of ferrous sulfate, or IS mg of cj'Steine 
per tube. A'combination of 4 mg of ferrous 
sulfate per tube and graded levels of cysteine, 
however, promoted an additional growth re- 
sponse which reached a plateau with only 
4 mg of cysteine per tube. Additional cysteine- 
had no effect on growth but aided in maintain- 
ing the medium in a fresh state for a longer 
period of time. As a consequence of these 
findings, the composition of the medium was 
changed so that it contains 4 mg of 
FeS 04 • 7 H 2 O and 10 mg of cysteine per tube. 
The effect of allowing the medium containing 
the increased iron and cysteine to age S days- 
■before use is also shown in Fig. 2. 


Certain discrepancies were found to e.xist 
between the assays conducted on the amino- 
acid medium described in this report and those 
conducted on a medium prepared as described 
by Skeggs, et al} The responses of crystalline 
xdtamin B 12 and a vitamin B 12 concentrate 
using these media are presented in Table III. 
The values from the amino acid medium.were- 
obtained at 16 hours and those on the casein 
hydrolysate medium at 24 hours.* In each- 
case more growth resulted from the same level 
of vitamin Bj 2 on the amino acid medium- 
than on the other. Furthermore, the vitamin 
Bi 2 concentrate which was shown to be highly 
active for the chick** promoted only slight 
response on the casein hydrolysate basal 
medium. On investigating the cause of this 
discrepancy it was found that addition of 
ferrous sulfate to the casein hydrolysate 
medium markedly increased the growth re- 
sponse from the vitamin Bj 2 concentrate whim 
is in agreement with the work of Stokstad, 
ct al.^ The assay blanks were found to have- 
considerable growth under these conditions. 
This growth was found to be due to the 
hydrolyzed casein in the medium and indicated 
that casein hydrolysate contained a form ot 
%-itamin B 12 active only in the presence of 
reducing agents. This is pmbably the same 
effect noted bj' Welch, cl al.^~ 


Carlson, C. W., Jtillor, R. i., 
ris, L. C., . 111(1 Ileuser, G. F., Poultry S ■, 

V., a..<l Wilson, F. F., -treb. Pio- 
-i., 1949, 22, 4SG. 
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TABLE AX 

ATt. Bjo Content of Several Alaterials. 


Alatcrial 

Tit.Bi, 

content, 

VCly/g 

Soybean meal 

11 

Tellow corn 

10 

AVheat 

7 

Alfalfa leaf meal 

40 

Dried brewers’ veast 

S 

Wilson’s liver L 

3S9 

Cmde casein 

104 

AVliite fish meal 

98.3 

Bed fisb meal 

111 

Condensed fish solubles 

92 

Aleat scraps 

42.3 


takadiastase is added to the mixture together 
with 2 mg of neutralized cysteine hydro- 
chloride and 1 ml of toluene. The materials 
are well mixed and incubated for 40 hours at 
37°C. After incubation the samples are ad- 
justed to pH 5.5, steamed 5 minutes, cooled, 
adjusted to 200 ml and filtered through 1\Tiat- 
man fluted filter paper No. 12. 

Other treatments used in an attempt to 
liberate the Htamin include autoclaving at 


acidic and neutral pH, allowing the samples 
to autolyze for 20 hours in acetate buffer, 
steaming 30 minutes in acetate buffer and 
allowing the sample to stand in distilled water. 
These treatments did not liberate as much 
\itamin Bjo as was obtained by the methods 
outlined in detaU. Treatment of the animal 
products with, trj'psin or pepsin produced 
the same results as were obtained with pan- 
creatin. However, pancreatin is used in the 
procedure because less growth occurred in the 
enzjTne assay blanks. 

Summary. A microbiological assay for 
Autamin Bjo using Lactobacillus Icichmannii 
(ATCC 4797) has been developed. The assa}' 
medium contains crA'stalline amino acids as 
the nitrogen source and adsorbed tomato juice 
filtrate as a source of unidentified growth 
factors. A high level of cysteine and ferrous 
sulfate are present in the medium to keep it 
in the necessary reduced state. Data are 
given to show the degree of precision and 
reproducibility to be expected from the assay. 

Ecceived Sept. 3, 1949. P.S.E.B.M., 1949, 72. 
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TABLE IV. 

Recoveries of Crystnlline Yit. B^o Added to Lirer Fractions. 


Substance 

Level per 
tube, units 

Vit. 

Bi 2 by 
.assay, my 

Added 
Bi 2 per 
tube, my 

Theoretical 
Bi 2 per 
tube, my 

Actual 
Bjo per 
tube, my 

Kccovcry, 

/O 

Standard 
error of 
the mean 

ESP injectable 

.000012 

.008 

.012 

.020 

.021 

105.0 


liver extr. 

.000025 

.012 

.012 

,024 

.020 

108.3 


(15 unit) 

.00005 

.025 

.012 

.037 

.035 

94.0 



.000075 

.037 

.012 

.049 

.051 

104.1 



.0001 

.051 

.012 

.063 

.058 

92.1 



100.8 ± 3.154 


TABLE V. 


TTxiiformity of Vit. Bjo Assay Values Obtained from A^arious Substances aritli L. leidimaniiii. 


Substance 

No. of 
assays 

Vit, Bjo 
content 

Range 

Standard error 
of the mean 

Coefficient of 
variation, % 

Vit. Bj 2 cone.* 

14 

8.00 y/ml 

7.69 -8.54 

± 0.067 

3.10 

ESP injectable 
liver extr. 

(15 unit) 

10 

0.590 y/nnit 

0.545-0.629 

± 0.009 

4.04 

Wilson’s liver L 

7 

0»389 y/g 

0.374^0.410 

± 0.006 

3.02 

* Prepared as described previously. 


a growth response in L. lelchmannn on a casein 
hydrolysate medium,^ was also found to pro- 
mote a growth response on the amino acid 
medium. Twenty-four thousand times more 
thymidine than vitamin B 12 was required to 
produce the same growth response. Due to 
this wide ratio, it is highly improbable that 
interference from thymidine will be en- 
countered in the assay of most materials for 
vitamin B 12 activity by the procedure de- 
scribed in this report. 

The ability of the method to produce re- 
peatable assay results was determined by 
running several assays on successive daj's on 
the same sample of unknorvn against crj-stal- 
line vitamin Bi 2 solution. The results are 
presented in Table V. Excellent replicability 
was found to e.xist between repeated daily 
assays. Values from a crude liver fraction 
were just as consistent as those from a vitamin 


. concentrate. 

Issay 0 } Various Materials. Feedstuffs 
rently employed in experimental chick diets 
d to study vitamin B 12 at this laboraton 
re chosen for the development of extrac- 
n procedures. The vitamin Bj 2 content of 
!eral of these materials is presented m 

ble VI. 


USP injectable liver e.xtracts were found to 
need no treatment other than dilution. A 
range of 87.1 to 2170 my of vitamin Bw per 
USP unit was found from the assay of 10 
different products. The results confirm the 
report by Rickes, et al.^^ that a considerable 
variation exists in the amount of vitamin Bj 2 
to which 1 USP unit is equivalent. In the 
liberation of vitamin B 12 from animal prod- 
ucts 1 g sample is placed in a 125 ml Erlen- 
meyer flask together with 50 ml of phosphate 
buffer (pH 6.8), 20 mg of pancreatin sus- 
pended in phosphate buffer, and 1 ml of 
toluene. The materials are well mixed and 
incubated for 20 hours at 37°C. After incuba- 
tion the pH is adjusted to 5.5 with 2 N HCl 
followed by 5 minutes of steaming. The 
sample is cooled, adjusted to 100 ml and 
filtered through Whatman fluted filter paper 
No. 12. With vegetable materials a 2 g 
sample is placed in a 250 ml Erlenmeyer flask 
together with 100 ml of acetate buffer (pH 
4.5). The mixture is autoclaved for 30 
minutes at 20 lb. After cooling, a suspension 
containing 40 mg of papa in and 40 mg of 

13 Rickes, E. 0., Koniu.^zy, F. R., 

Wood, T. R., .and Folkcrs, IC., Sr!n,rc, lOtS. 10., 

396 . 
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Effect of Vitamin-E Deficiency on Amount of Gonadotrophin in the 
Anterior Pituitary of Rats.*^ (17486) 

S. Y. P’an, H. B. van Dyke, H. Kaunitz and C. A. Slanetz (With the technical 
assistance of Ruth Ellen Johnson and Elaine Mackenzie) 

FrO’m the Departments of Fharmocology, FaVwXogtj, end Animal Care, College of Physicians 
and Surgeons, Columbia University. 


Associated with a deficiency of \dtamin E 
in males there are degenerative changes in the 
germinal epithelium and disappearance of 
spermatogenesis \Uthout apparent morphologi- 
cal alteration of the interstitial cells. The fail- 
ure of vitamin-E deficient female rats to be- 
come pregnant is apparently due to a disturb- 
ance of the implantation process rather than 
the absence of ovulation; there is no direct 

* Aided by grants from E. R. Sqnibb and Sons, 
the United States Public Ilo.aitli Service, and tbe 
■WilliamsAVatcrman Fund of tlic Re.se.arcli Cor- 
poration. 


proof of ovarian dysfunction. (1,2) Since nor- 
mal function of the ovaries and testes is de- 
pendent upon the anterior pituitary, several 
authors have compared the morphology or the 
gonadotrophic potency of the anterior pitui- 
tary of normal rats and of rats on a diet defi- 
cient in vitamin E. In males, van Wagenen(3) 
found castration changes in the basophils of 

1. Ivaunitz, H., and Slanetz, C. A., Pr.oc. Soc. 
Exp. Bion. and Med., 1947, vGG, 334. 

2. Bland.au, B. J., Kaunitz, 11., and Slanetz, 
C. A., J. Nntr., 1949, v38, 97. 

3. Van Wagenen, G., Anal. Fee., 1925, v29, 29S. 
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TABLE n. 

Gonadotro phic Potency of the Anterior Pituitary ot yormal and Vitapiig-E Peficicnt B-ats, 

Donor rats Wt of ant, pit. 

✓ 

Group Sex Avg age, driys Xo, Bodywt/g Fresh,* rug/100 g Dry, mg/100 g 


Normal 

325 

12 

375 13.4 2. 

29 -+- 0.11 

.41 

E-deficient 

315 

13 

255 ±: 12.3 2. 

86 0.24 

.54 

Normal P 

388 

12 

254 ± 

8S 5. 

11 0.04 

.79 

E-deficient P 

469 

12 

237 ± 11.5 4.35 ± 0.20 

.71 



Hypophysectomized male recipient ratsf 



Ant. pit. powder 








Dose, 

V7t of testes,* 


Wt of sem. 


Wt of ant. 

No, 

!?ource 

mg 

mg 

Pi 

ves.,* mg 

Pi 

prost.,* mg 

23 



121.3 i; 3.40 


4.68 ± .33 


10.91 ± .51 

27 

Normal 5 

,1 

lo4.2 ± 3.39 1 
1 

1 

1 

K-Oi 

0-90 ^ .36 

>.G 

17.07 d; .71 ■) 

29 

E-tlefic. 5 

J 

170.1 ± 1.28 J 

1 

6.14 ± .34 ] 


19.05 ± .90 j 

29 

29 

Norm.al $ 

2 

147.2 ± 3.71 1 

I 

1 

1 <.02 

4.99 ± .23 1 
( 

1 

(>.= 

16.88 ± .76 ] 
}. 

E-defic. 0 

2 

1G2.G ± 5.10 j 


5.19 .25 j 

17.92 -V .73 j 


* ilean and standard error of the mean. 

t Average wt range of experimental groups: 40.2 to 41.0 g; average wt of controls: 35,9 g. 
T Comparison of me.ins calculated according to “x” method of Fisher. 


tency, a fine suspension of the dried powder in 
phi-siological saline was made so that each 
2 cc contained the total amount of the gland 
to he injected into one rat. The total dose for 
groups of rats for each day was placed in 
separate vials which were kept frozen until 
injected. One-half cc of the suspension was 
given subcutaneously on each of the 4 consec- 
utive days, starting one day after operation, 
to a male weanling rat hjpophysectomized 
at 2 1 days of age bjf the parapharjugeal ap>- 
ptoach.(IO) The rats were sacrificed 24 hours 
after the last injection; the testes, seminal 
vesicles and anterior prostates were carefully 
removed, freed of connective tissue and weigh- 
ed on a sensitive torsion balance. Any rats 
with remnants of the pituitary as detected by 
examination of the sella with a binocular 
microscope were excluded. A considerable 
number of hj’pophj'sectomized rats was sacri- 
ficed prior to the experiments to determine a 
suitable dose of pituitarj* powder necessary 
to initiate hj-pertroph)' of the sex glands. It 
was found to be 100 pg of the male and 200 
(ig of the female dried pituitary powder. 

Results. It will be seen from Table 11 

VK Smith. P. E., .Tm. J . 


that the weight of the testes of the immature 
hypophysectomized rats which received in- 
jections of anterior pituitary' glands from 
either male or female \atamin-E defident 
rats was greater than that of rats receiving 
corresponding doses of the gland from normal 
male or female rats. The weights of the 
seminal vesicles and anterior postrates of the 
rats which received anterior pituitary from 
norma] or vitamin-E deficient male and fe- 
male donors showed, however, no significant 
difference. 

Discussion. It is evident from the forego- 
ing results that there was a significant in- 
crease in the gonadotrophic potency of the 
anterior pituitary' glands of vitamin-E defi- 
cient rats of both sexes. These findings, how- 
ever, did not indicate whether the increased 
gonadotrophin content of the anterior pitui- 
tary of the vitamin-E deficient rats was owing 
to an increased production or to a decreased 
secretion or to both. 

The fact that only the weights of the testes 
and not those of the anterior prostates or semi- 
nal vesicles of the hypophy'sectomized rats 
were greater in rats which received injections 
of anterior pituitary’ from rdtamin E-deficient 
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the gland. Her results were extended and con- 
firmed bj' Koneff.(4) The anterior pituitary of 
female E-deficient rats likewise showed the 
morphological changes characteristic of spay- 
ing, according to Joel. (5) Both Koneff and 
Joel also described a hypertrophy and a de- 
crease in the number of o.xyphils. In conform- 
ity wdth these findings, Nelson (6) reported 
that the increase in the gonadotrophic potency 
of, the pituitary of E-defident males ap- 
proached that of the gland of castrates. He 
detected no difference in the amount of go- 
nadotrophin in the pituitaries of normal and 
E-deficient females. However, McQueen-Wil- 
Iiams(7) concluded that glands from E-defi- 
cient female rats contain about twice as much 
gonadotrophin as those from normal rats or 
E-deficient rats receiving the vitamin for 2 
weeks or longer. In contrast with the foregoing 
reports, Biddulph and Meyer (8) stated that 
pituitary powder from vitamin-E deficient 
male or female rats produced the same weight 
change in the ovaries of hypophysectomized 
rats used for assay as normal pituitary powder 
from a corresponding sex. However, they be- 
lieved that male pituitaries from E-deficient 
rats contained an increased amount of lutein- 
izing (interstitial-cell stimulating) hormone. 
The gonadotrophin in all these experiments 
was assayed in immature female rats whereas 
Rowlands and Singer (9) employed a different 
method: the production of ovulation in es- 
trous rabbits. According to their findings, 
the pituitary of the E-deficient female rat 
contained less gonadotrophin than the normal 
although this may have depended upon a 
reduction of a gonadotrophin not detectable 
in the assays in rats. 

With the exception of the e.xperiroents of 
Biddulph and Meyer, all the assays in the 
work cited above were performed in animals 


i. Konoff, A. A., Anat. Ucc., 1930, t(4, 383. 

" Joel C. A., Monatschr. Gcbnrtsli. Gynal., 

f M.!"'*; 0, Amt. IMI, »5G, 241. 

?; J”'- 

SiS.., 0 , »•> 

)36, v8G, 323. 


TABLE I. 


Composition of Vit. E Doticicnt Biel. 


Bas.il mixture 

% 

Casein, crude 

30 

Cerelosc 

54 

Lard, commercial 

10 

Salt mixture (Hawk-Oscr) ' 

4 

Celluration 

^ o 

Supplements of b-isal mixture 

mp/kiio 

Thiamine chloride 

O 

Riboflavin 

4 

Pyridoxine 

4 

Calcium p.antothenate 

10 

p-Amino benzoic acid 

300 

Choline 

1000 

Inositol 

1000 

Tit. K 

4 

Oleum pCTcomoTptnim 

200 


with intact pituitaries. It seemed of interest 
to reinvestigate the problem by performing the 
assays in hypophj'sectomized male rats so that 
(a) any contribution of the anterior pituitary 
of the assay animals to the gonadotrophic ef- 
fect of the glands of donors could be excluded, 
and, (b), interstitial-cell stimulation could be 
better evaluated from effects on the anterior 
prostate. The female donor groups were of 
special interest since studies(2) of their 
ovarian function had already been completed. 

Methods. Albino rats of a highly inbred 
stock were maintained on the vitamin-E de- 
ficient diet given in Table I from birth until 
sacrificed. The control rats received the 
same diet supplemented by 3 mg of synthetic 
dl-alpha-tocopherol acetate* per 100 g of the 
diet, permitting a daily intake of 300 yg in 
contrast to 30 micrograms of the vitamin 
afforded by the deficient diet. At average 
ages ranging from 315 to 469 days, corres- 
ponding groups of \dtamin-E deficient and 
control rats were sacrificed, and the anterior 
pituitary gland from eadi rat was removed, 
carefully dissected and weighed. The pitui- 
taries from each group of rats were triturated 
together in a mortar into a homogenous fine 
suspension in distilled water, transferred to 
an ampoule, quickty frozen and dried in a 
frozen state under high vacuum. 

For the bioassay of its gonadotrophic po- 

t Synthetic dl-.'ilplm-tocopherol ncemte w.i.shimUy 
supplied by Dr. Leo Pirk of IIotTmann-Ln Roche. 
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presence of sulphate radicals. Wislocki, et 
al.{2) have shown, however, that hj'aluronic 
add, a mucopolysaccharide which contains 
no sulphate radical, also stains with toluidine 
blue. This gradual change in staining charac- 
teristics toward toluidine blue probably indi- 
cates a change in the nature of the ground 
substance. 

INIicro sections of the rabbit callus from the 
first to the sixteenth day after fracture were 
stained with the Hale technic. Hale (3) feels 
that this stain is specific for acid mucopoty- 
saccharides. -An acid polysaccharide such as 
hyaluronic acid combines with dialyzed iron 
in an acid solution but a neutral polj’sacchar- 
ide or a protein does not. The bound iron can 
be demonstrated as Prussian Blue by treat- 
ment with potassium ferricyanide and hydro- 
chloric acid. If the slides are counterstained 
with a red dye such as paracarmine, the acid 
polysaccharides appear blue against the red 
background of other tissue structures. The 
positive reaction for add polysaccharides 
parallels those obtained with toluidine blue. 
Recently injured tissue had little affinity for 
the dialyzed iron, but by 7 days the formed 
granulation tissue stained a deep blue 
strongty suggesting the presence of a high 
concentration of acid polysaccharides. Stain- 
ing was most intense at 7 to 10 days, declined 
thereafter, and was almost disappearing by 
the tenth to fourteenth day. 

Qualitative studies of the 7 day rabbit 
callus showed a hi^ concentration of sulphate 
and phosphate ions. A test for the presence of 
amino sugars with Ehrlich’s reagent was 
strongly positive. Believing that possibly we 
were staining one of the known acid muco- 
polj'saccharides we attempted chemical isola- 
tion. .A chemical analysis for hyaluronic add 
by viscosimetric methods gave a negative re- 
sult. Since great loss is entailed in these 
methods, we incubated tissue sections of the 
7 to 10 day rabbit callus with increasing con- 
centrations of hyaluronidase for varying 
periods of time. The tissue’s staining did not 
change. Viscosimetric analysis by means of 

2, Wislocki, G., Bunting. G. H., and Dempsey, 
E. W., Am. J. Ana}., 1947, vSl, 1. 

3. H.ale, C. W., Xatiirc, London, 194G, vl57, S02. 


an Ostwald viscosimeter showed no depoly- 
merization of the ground rabbit callus by hy- 
aluronidase. 

Following hleyer’s procedure(4) attempts 
were made to isolate chondroitin sulphuric 
acid from the cartilagenous 7 day rabbit cal- 
lus. The results were negative although this 
mucopolysaccharide might logically be present 
since it is seen so abundantly in mature carti- 
lage. Repeated attempts at identification for 
chondroitin sulfuric acid gave negative results. 
A possible explanation may be that procedures 
for the isolation of mucopolysaccharides entail 
great loss and as yet, we have not had avail- 
able, the necessary large quantities of tissue. 

In the course of analysis for chondroitin sul- 
furic acid a granular substance precipitated 
out of slightly alkaline alcohol. This sub- 
stance prolonged the Lee MTiite clotting time 
of blood almost fifteen times. The addition 
of both protamine and toluidine blue would 
inhibit this action. An analysis for heparin 
following Howell’s(S) original method yielded 
a small quantity of protein contaminated crys- 
tals which possessed mild anticoagulant pow- 
ers. 

The 7 day rabbit callus was also incubated 
with lysozyme. Histochemicalh’^ and viscosi- 
metrically no depolyunerization of the ground 
substance took place. These studies indicate 
the probable absence of hyaluronic acid and 
the substrate of lysozyme. The enzyme lyso- 
zyme is present in the granulation tissue of 
the rabbit callus, however, in a concentration 
of about 84 units after the fifth day' after 
fracture. (6) The presence of chondroitin sul- 
furic acid is still unsettled, but much larger 
quantities of tissue must be studied. 

We have studied the healing cy'cle in the 
rabbit and have sought to identify by histo- 
chemical and chemical methods an acid muco- 
polysaccharide which appears as an intermedi- 
ary metabolite in the transformation of the 
interfibrillar ground substance. The studies 
are incomplete but contribute to the clarifica- 

4. ilever, Karl, and Smjlh, Elizabeth M., J. 
Biol. Chem., 1937, t119, 507. 

5. nowell, W. H., Am. J. Phtis. Proc., 1922-1923, 
tG3, 434. 

G. Prndden, .T. F., Lane, X.. and Meyer, Karl, 
in press. 
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rats might be attributed' to an increase in 
the pituitary follicular stimulating hormone 
(FSH) without concomitant increase in the 
interstitial-cell stimulating hormone (ICSH). 

Such an interpretation would be in conformity 
with the well known fact that vitamin-E de- 
ficiency causes degenerative changes of the 
germinal epithelium without evident histologi- 
cal or functional changes in the interstitial 
cells in the testes. It is possible that dif- 
ferences in the quantities of the two gonado- 
trophins could be revealed if several different 
dose levels were to be used for the compari- 
sons. However, no conclusion can be drawn 
from the experiments reported' in Table II. 

That the anterior pituitary of the vitamin-E 
deficient female rats also contained an in- 
creased amount of gonadotrophic hormone is 
of interest because of the controversy concern- 
ing ovarian function in vitamin-E deficiency. 
Although the ovaries of old, E-deficient rats 
showed a greater accumulation of connective 
tissue and pigmentation than those of controls, 
observations of ovarian function, such as the 
production of ova followed by fertilization, 
revealed no abnormalities. It remains to be 
investigated, however, whether the increased 


Granulation Tissue 

gonadotrophin content of the pituitary gland 
indicates a disturbance of ovarian function or 
whether a different explanation must be 
sought. 

Summary. The gonadotrophin content of 
the anterior pituitary taken from vitamin-E 
deficient rats, 315 to 469 days of age, was 
determined. The weights of testes, seminal 
vesicles and anterior prostates of groups of 
male rats hypophysectomized at 21 days of 
age and subsequently injected with suspen- 
sions of frozen-dried anterior pituitaries were 
compared. The testes of the hypophysecto- 
mized rats which received the pituitary suspen- 
sion from vitamin-E deficient male or female 
rats were significantly heavier than those of 
rats which received pituitary powder from the 
controls. There was no difference in the 
weights of the seminal vesicles or anterior 
prostates. 

It is concluded that the gonadotrophin con- 
tent of the anterior pituitary gland is elevated 
in older vitamin-E deficient male and female 
rats. The relationship of these findings to 
the changes in the gonads in vitamin-E de- 
ficiency are discussed. 

Beccived Nov. 15, 194D. P.S.E.B.M.. 1049, vtI. 


A Probable Acid Mucopolysaccharide Present in Granulation Tissue.^ 

(17487) 


Stephen S. Hudack, J. W, Blunt, Jr., Patricia Higbee and G. M. Kearin 
(Introduced by M. Heidelberger) 

From the Department of Orthopedic Surgery, College of Physicians and Surgeons, Columhia 
University, and the Surgical Service, Preshyterian Hospital, New York City. 


This paper is a preliminary report of 
observations made on the healing of experi- 
mental fractures in the rabbit. Certain histo- 
logical and chemical reactions of the reparative 
tissue have led us to the behef that there 
is present in the early granulation tissue of 
bone repair, an add mucopolysaccharide which 
may play a role in tissue healing. Tissue sec- 
tions of rabbit callus from one to 10 da>'s 


■This work was made possible by “ 
oagh the Office of Kaval Bescarcb, UnUed 

lies Kavy Uepartnicnt. 


after fracture were stained metachromatically 
with a 1% solution of toluidine blue. Early 
specimens take up only a small quantity of 
the dy’e. As the granulation tissue forms, 
however, an increasing metachromasia ap- 
pears, and as the fibrous connective tissue be- 
comes more abundant and differentiated, the 
ability to stain metachromatically with tolui- 
dine blue diminishes. Lison( 1) attributed this 
ability to stain metachromaticall y to the 

1. Lison, L., Soc. dc Biol. Compt. Bend., 1030, 
vllS. 
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TABLE I. 
Dietary Bcgimen. 


E.ation 

No. 

Type of 
restriction 

Bation fed per 
mouse per day 

1 

Caloric 

1 g FPSY -h 0.5 g sucrose 



1 g FPSY -f 1.5 g sucrose 

3 

Total 

1 S optimum ration 

4 

3 » 

2 g optimum ration 

5 

J f 

3 g optimum ration 

G 

Xone 

Optimum ration ad lib. 


that 0.5 g of the mixture contained the follow- 
ing: thiamine 0.3 mg, riboflamn 0.3 mg, pyri- 
doxine 0.3 mg, niacin 1.5 mg, calcium panto- 
thenate 2.0 mg, i-inositol 100 mg, sodium p- 
amino-benzoate 100 mg, biotin 10 y, folic acid 
25 y. In the rations designed to determine the 
effect of caloric restriction, fat, protein, salts, 
and vitamins (referred to as FPSlO fed 
in the same proportions as they occur in the 
optimum diet, and the indicated amounts 
of sucrose were added. Each gram of the 
FPSV nuxture contained casein 0.65 g, salts 
IV 0.14 g, vitamins 0.029 g and com oil 0.18 
g, enough to reasonably insure the consump- 
tion. of as much of each per mouse as would 
be consumed b}’’ mice receiving the optimum 
diet ad lib. This being the case, the only 
constituent deficient in rations 1 and 2 was 
sucrose. The dietary regimen of each group 
is listed in Table I. In previous e.xperiments 
of a similar nature it was learned that mice 
would die if placed abruptly on the restricted 
rations, therefore a plan of progressive re- 
striction as outlined in Table 11 was followed 
during the first ten days of the experiment. 
For caloric restriction the FPSV mixture and 
sucrose were measured separately and blended 
manually in each ration cup. Groups 1 
through 4 received the same quantity of FPSV. 
For total restriction, decreasing amounts of 
the optimum diet were fed until the deter- 
mined level of food consumption was reached. 
Water was always available. Five days after 
the start of the experiment, the individual 
weights of the majority of the animals had 
reached a maximum (except the optimum ad 
lib. group) and by the seventh day, they had 

J Marola, fortified nitli oleam percomorplinm 
(Mead Jolmson & Co., Evansville, Ind.) to supply 
c«. ISOO I.U. vitamin A and 2G0 I.TJ. vitamin D 
per 100 g ration. 


begun to decline. 

Virus; 16 da 3 "s after beginning the experi- 
ment all the test groups were inoculated intra- 
cerebralhr with 0.03 ml of a saline suspension 
(Series 98, lO”-; Series 115, lO"®) of Theil- 
er's(9) GDVn virus infected brain and cord. 
All animals were obsen-ed daily and weighed 
twice week!}'. 

Results and discussion. The results are 
summarized in Table III. Uninoculated mice 
remained alive throughout the experiment and 
were alert and active in contrast to those re- 
ceiving the virus. In the latter group, hind- 
leg weakness,, tremors, ataxia, humped back, 
and occasionalh’^ tonic convulsions, with e.x- 
tension of the hindlegs and flexion of the 
forelimbs, were obsen-ed. During the con- 
vulsions, the mice became rigid and cyanotic; 
death sometimes occurred during these seiz- 
ures, but more often the mouse recovered. 
Similar convulsions have been seen in other nu- 
tritional deficiencies such as that of tripto- 
phan. In the present e.xperiments, the animals 
that were paralj-zed and those that showed 
onlv'- signs of encephalitis were grouped to- 
gether in calculating the percentage virus in- 
fection. 

In Series 98, in which practicalh' 100^ 
of the mice in the control inoculated groups 
developed signs of the virus infection. Groups 
2 and 6 showed this typical infection in only 
50% and 43%, respectively, but showed total 
fatalities in 1C)0% and 95% of the animals. 
This would seem to indicate that either a diet 
with low caloric value or a restriction of the 
optimum diet to 1 g per da\- definitely alters 
the signs of infection. But, in these same 
groups, animals dvdng without showing any 
signs of infection survived 5 and 7.5 days 
(average sundval time. AST) respectively 
while the average incubation period (AIP) of 
mice which did show the typical picture was 
9 and 8.8 days respectively. IVe assume 
that in most cases the mice which died without 
signs of infection actually succumbed to virus 
invasion. Several lines of evidence support 
this assumption. Gard(IO) has presented evi- 

9. Theiler, M., and Card, S., J. Exp. ITrcl., 1940, 
v72, 49. 

10. Card, S., J. Exp. Ifed., 1940. r72, 69. 
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tion of the changes during heaJing in the 
organic matrix. To integrate these observa- 
tions with present knowledge, a working hy- 
pothesis must take into account enzyme action, 
hydrogen ion concentration, and the concen- 
trations of ions such as calcium, carbonate, 
and phosphate as well as other electrolytes 
participating in the transformation • of the 
organic matrix. Further studies are indi- 
cated and are in progress. Because of the 


Theiler’s Encephalomyelitis 

difficulties involved in obtaining large quanti- 
ties of healing callus, the identification of the 
acid mucopolysaccharide is incomplete. 

Summary. Chemical and histochemical 
observations concentrate on a mucopolysac- 
charide which appears to be important in bone 
healing. 

Ueceivccl Jtily "5, 19i9. P.S.E.B.M., 1949, v72. 


Effect of Dietary Restriction on Susceptibility of Mice to Infection with 
Theiler’s GDVII Virus.* (17488) 

W. L. Davies, S. C. Smith, W. L. Pono, A. F. Rasmussen, Jr., .and P. F. Clark 

From the Departments of Microbiology, Medical School, and Biochemistry, College of Agriculture, 

University of Wisconsin. 


That nutritional deficiencies are frequently 
accompanied by anorexia is well known. Nu- 
merous reports(l-7) have been published 
which concern the relation of nutritional inade- 
quacies both to bacterial and to viral infec- 
tions, but the evidence as to whether or not the 
course of experimental infections is influ- 
enced by caloric restriction, or by restriction 
of an adequate diet, inanition, seems equivo- 
cal. Different infective agents, different host 
species, genetic status of host and of pathogen, 
different routes of infection, and many other 
important variables frequently make direct 


* Aided by a grant from the National Foun- 
dation for Infantile Paralysis. 

1. Aycook, W. Ii., and Lutman, 6. E., Am. J. 
Med. Set., 1944, t208, 389. 

2. Clark, P. F., McClnng, E. S., Pinkerton, H., 
Price, W. H., and Schneider, H. A., Bact. Bev., 


1949, vis, 99. 

3. Easmussen, A. F., Jr., Waisman. H. A., 
Blvehjem, C. A., and Cluik, P. F., J. Inf. Dis., 
1944, r74, 41. 

4. Foster, C., Jones, J. II., Henlc, W., 
Dorfman, F., J. Fxp. Med., 1944, v79, 221. 

5. Foster, C., Jones, J. U., Henle, U., 

Corf man, F., J- Exp. Med., 1944, t80, 25/. 

0. 'Wearer, H. U-, Am. J. Uis. Child., 1945, 


.and 


and 


26. 

Meteoff, J., Darling, D., Wilson, D., Dapi, A^, 
1 Stare, F. J., J- Eab- CKm Med., 1949, r34, 33o. 


comparison impossible and analysis of con- 
flicting results e.xceedingly difficult. The ex- 
periments here reported, query further the 
relative effects of reduced food intake result- 
ing from loss of appetite and of a simple 
decrease in caloric intake on the course of 
Theiler’s GDVII encephalomyelitis in mice. 

Materials and methods. Mice: Webster 
Swiss mice, from our own colony, were used 
in all e.xperiments. V’hen 3 to 4 weeks old, 
they were removed from the colony, weighed 
and distributed in individual screen-bottom 
cages. Each group contained appro.ximately 
equal numbers of male and female mice of 
similar weight and litter mates in any one 
group were kept to a minimum. 

Diets: the diet referred to as “optimum” 
has tlie folloiving percentage composition; 
casein 18t sucrose 72.2, salts 4,(8) w'ta- 
mins 0.5, i choline chloride 0.3 and corn oil 5.5 
The vitamins were made up with sucrose so 

t A hot alcohol-c.xtr.'icted, ritamin test casein 
(General Biocliemieals, Inc., Chagrin Falls, Ohio). 

t We are indebted to Merck & Co., Ealiuay, N.J., 
for the crystalline vitamins. 

8. Liehstein, H. C., .McCall, K. B., Kearney, 

E. B.. Elvehjem, C. A., and Clark, P. F.. Pr.oc. 
Soc. E.XP. Biol, .vxd Med., 1940, vC2, 279. In 
these studies the salt mi-vture u-as modified by 
using ZnSO.) insted of Zn CIo. 
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For example, in this series 98, although 
groups 2 and 6 showed only 50 and 43% re- 
spectively of manifest virus infection, the AIP, 
the AST, and the total fatalities present a pic- 
ture of almost 100% actual virus infection. 
The results obtained with Groups 9 and 10 
are essentially alike with almost 100% mani- 
fest virus infection. A number of mice re- 
ceiving 3 g of optimum diet per day did not 
consume this amount from one feeding to 
the next; it is inferred therefore that their 
appetites were satisfied, approximating the 
ad lib. group in food consumption. The groups 
receiving 1 g or 2 g of optimum diet per day 
devoured their ration completely. The re- 
maining groups(4,8) with less severe restric- 
tions, showed no significant differences in inci- 
dence of paralysis. 

Scries 115. Thirty-five % of the mice in 
group 6 ( 1 g optimum diet) died without any 
signs of the disease. However, the AST (9.0 
days of these mice was less than the -AIP 
(10.2 days) for this group and both the AST 
and -AIP were less than the AIP (11.0 days) 
of the animals on the optimum ad lib. diet 
(Group 10). .Among the remaining groups (2, 
4, 8) in this series, typical infection levels 
ranged from 86% to 95%. 

We have therefore almost identical pictures 
in the two series. In each, the groups re- 
ceiving restricted amounts of food, whether 
low in calories, or low in amounts of an opti- 
mum diet, showed no significant decrease in 
infection as we have defined the term. The 
exact figures for the two series are not direct- 
ly comparable since in series 98, the inoculum 
was a ICh- suspension whereas in series 115, 
this was a 10^ suspension. This difference 
resulted in a longer .AIP and a slightly longer 
.AST in the latter series. Our results are 


not precisely in accord with the reports 
of others who have found that restriction 
of the caloric value or reduction of food 
intake produces results similar to but less 
marked than those obtained with thiamine de- 
ficient diets. We would emphasize that our 
criteria of infection do not rest solely on 
visible signs and that the other authors used 
different viruses, either Theiler’s FA or the 
Lansing mouse adapted poliomyelitis xdrus. 
Only with the Lansing strain did they obtain 
definitive results. 

.Although Theiler(ll) has reported that the 
more obvious physical and chemical proper- 
ties of mouse encephalomyelitis virus and hu- 
man poliomyelitis are “identical”, immuno- 
logically, and on the basis of species suscepti- 
bility and the pathological lesions produced, 
the viruses are definitely different. The dis- 
similarity in behavior of GDVII and Lansing 
poliomyelitis virus in mice when the animals 
are under various nutritional stresses appears 
to be another manifestation of differences be- 
tween these viruses. Our experience indicates 
that the course of infection with the Lansing 
strain is more sensitive to nutritional stress 
than is infection with Theiler’s GD\TI xarus. 

Summary. Although diets restricted either 
calorically or by total food intake do influence 
the course of infection in mice inoculated with 
Theiler’s GDVII virus, in that frank signs of 
infection, i.e. paralysis, encephalitis, are fre- 
quently not evident, j'et the total fatalities, 
the average incubation period, and the average 
surx’ival time are not modified appreciably bj’- 
these deficiencies. 

11. Theiler, il., lied., 1911, t20, 443. 

Received .August 3, 1949. P.S.E.B.M., 1949, t72. 
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TABLE II. 
Plan of Eestriction, 


Group No. 




Days after start of experiment 


0 

3 

4 

5 

7 

10 

1 and 2 


Opt. 

Opt. 

FPSVlg-h 

EESV 1 g-h 

FPSV 1 g -f- EPSV 1 g -i- 



ad lib. 

3g 

suerose 2 g 

sucrose 1.5 g 

suerose 1 g sucrose 0.3 g 

3 and 4 



) S 

3f 

i i 

EPSV 1 g -p FPSV 1 g -p 







sucrose 1.5 g sucrose 1.5 g 

5 and 6 


>f 

3 3 

Opt. 2.5 g 

Opt.2g 

Opt. 1.5 g 

Opt. 1 g 

7 and S 


i } 


J > 

f 3 

Opt. 2 g 

Opt. 2 g 

9 



> > 

Opt. 3 g 

Opt. 3 g 

Opt. 3 g 

Opt. 3 g 

10 


Opt ad hi/. 

Opt. ad lib. 

Opt. ad lib. 

Opt. adlib. Opt. adlib. 





TABLE III. 






Summary of Fatalities and Virus Infection. 







'i''irus 

Total 


Series 

Group 

Ration 

No. of 

EataUtics,i 

infection, 

fatalities, AST,t 

AIP,f 

No. 

No.* 

No. 

mice 

% 

% 

% days 

days 

93 

Ill 

1 

7 

0 

— 

0 — 

— 


21 

1 

20 

50 

50 

100 5.0 

9.0 


3U 

2 

7 

0 

— 

0 — 

— 


41 

2 

21 

0 

100 

100 — 

7.7 


5B 

3 

7 

0 

— 

0 — 

— 


61 

3 

21 

52 

43 

95 7.5 

8.5 


711 

4 

7 

0 


0 — 

— 


81 

4 

20 

0 

100 

100 — 

7.9 


91 

5 

14 

7 

93 

100 12.011 

S.9 


101 

G 

14 

0 

100 

100 — 

S.9 




13S 





115 

IV 

1 

7 

0 



0 — 

— 


21 

1 

21 

14 

86 

100 10.0 

9.5 


3tl 

2 

7 

0 


0 ■— 

— 


41 

2 

21 

5 

95 

100 7.011 

9.1 


SB 

3 

6 

0 

— 

0 — 

— 


01 

3 

20 

35 

C5 

100 9.0 

10.2 


711 

4 

7 

0 

— 

0 ~ 

— 


81 

4 

20 

5 

95 

100 10.011 

9.9 


91 

5 

14 

7 

93 

IQO 7.0!1 

10.0 


101 

6 

14 

14 

86 

100 8.0 

11.0 
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• tJ: 


i Without signs of infection. 

j Arerage survivaJ time of mice dying witliout signs of GDVII infection. 

^ Average incubation period of mice developing signs of GDVII infection. 
11 1 mouse only. 


^nce that the AIP is an index of virus titer. 
n numerous occasions we have assayed the 
-ains and cords of infected, undernourished 
ice at intervals after inoculation and when 
loribund hut without tsiiical signs of mf^- 
nn This central nervous system material 
hen subsequently inoculated 
L has shonn virus activity indicating that 
50 wrus does proliferate in the CNS of de- 
deS mice ev^en though the typical signs of 


infection are not seen. Further, in some ex- 
periments, deficient inoculated mice which 
have survived beyond the normal incubation 
period without visible evidence of infection 
have succumbed to the disease with the tjpical 
picture when fed optimum rations. As criteria 
of infection, therefore, we are ^ inclined to 
weigh not only paralysis and visible si^s of 
encephalitis, but also the AIP, the AST and 
total fatalities. 
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by GDVII antiserum.^ 

Experiments unih the MEF Virus. The 
strain was obtained in 1945 in its 8th mouse 
passage through the courtesy oi Dr. P. "iv. Olit- 
skv. Rockefeller Institute, New York City. 
The virus was carried in mice in this labora- 
tory using the same technic as previously de- 
scribed for the Lansing virus, except that pas- 
sages were made rapidly with freshly harvested 
material and no interv'ening storage. On 4 
occasions the virus was examined for patho- 
gemcity in rhesus monkeys by intracerebral 
injection of 1 cc of 10% viral mouse brain- 
cord suspension. One monkei’ received the 
10th, one monkey the 15 th, one monkey the 
19th, and one monkey the 20th serial mouse 
passage. The first monkey injected with the 
10th serial mouse passage became paralj^ed 
on the 14th day but no active varus could be 
recovered from the cord of the paralyzed 
animal by transfer to another rhesus monkey 
or to a group of mice. The other three 
monkeys remained free from any symptoms 
of disease. Two of the sjTnptomless monkeys 
were tested, two months later, for immimity 
by intracerebral challenge with Aycock vnrus 
(0.5 cc 1:100). Both developed tvpical 
paralysis. The third monkey was used for 
the production of hv'perimmune anti-MEF 
serum. 

As previously described for the Lansing 
virus, the hlEF virus at all times maintained 
its t\-pical clinical, biological and serological 
characteristics.! 

Experiments svitli the Y-SK Virus. The 

t This statement refers to the strain under 
investigation in this paper and not to any rhesus- 
noapathogenic, high-titred, serologically atypical 
possible variants which may or may not have been 
derived from the original Lansing virus. (4,5,6) 

4. Jungeblut. C. W., Proceedings Fourth Inter- 
im. Congress for iticrohiotogg, Copenhagen, 
1917. p. 259. 

5. Enright, J. B.. and Schultz, E. tV., Pkoc. 
Soc. Exp. Biol, and Hed., 1947, v66, 541. 

6. Sanders, E. K.., Froceedinps Federation of 
American Societies for Experimental Biology, 
Atlantic City, 194S, p. 309. 

* Bcferenco is made to the original MEF strain 
and not to a rhesus-nonpathogenic, high-titred 
possible variant which has previously been 
described. (4) 


virus was obtained in 1947 through the 
courtesy of Dr. G. Dalldorf. It was propa- 
gated in this laborator)- by rapid serial pas- 
sage in mice as previously described for the 
MEF virus. Intracerebral tests for patho- 
genicity in rhesus monkeys were carried out 
with various generations, inoculating two 
monkeys with the 5th and one monkey each 
with the 10th and ISth serial mouse passages. 
All monkeys developed typical flaccid paralj'- 
sis within 9 to 13 days after injection, except 
one monkey inoculated with the 5 th passage 
and another monkey inoculated with the 10th 
passage. No attempts were made to carry the 
strain further from monkey to monkey but 
all efforts to recov^er the virus bv' inoculation 
of mice vvitb the cord of paralyzed monkeys 
uniformly failed. 

The Y-SK virus was obtained once more 
in 1948 through the courtesy of Dr. J. Mel- 
nick, Yale University, New Haven, Conn., 
the material being received in form of frozen 
pooled mouse brains and cords. The original 
material proved highly infectious for rhesus 
monkey's, since 7 of 8 monkeys injected intra- 
cerebrally on various occasions between 1948 
and 1949 developed typical paraly'sis. The 
strain was carried in mice in this laboratory' 
by rapid transfer from mouse to mouse using 
freshly harv'ested brains and cords. Tests 
for rhesus pathogenicity were made with the 
6th, 11th and 15 th serial mouse passage. One 
of 2 monkey's each injected with the 6th or 
nth mouse passage dev'eloped paraly'sis, as 
did 2 of 3 monkey's inject^ with the 15th 
mouse passage, -■kgain, vdrus in mouse-patho- 
gem'c form could not be recovered from the 
cords of these animals when completely para- 
lyzed. 

During the time of these observations the 
Y-SK v'irus maintained its typical clinical, 
biological and serological characteristics, which 
made it indistinguishable from the Lansing 
and MEF virus, except for its somewhat 
lower virulence in mice. 

Conclusions. The data presented above 
demonstrate that strains of mouse-adapted 
human poliomyelitis virus may' e.xhibit wide 
variations in the degree of their pathogenicity 
for rhesus monkey's. The Lansing virus, for 
instance, harvest^ from remote mouse pas- 
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Monkey Pathogenicity of Various Strains of Murine Poliomyelitis Virus. 
I. Experiments with Lansing, MEF, and Yale-SK Group."^ (17489) 


Claus W. Jungeblux 

From the Department oj Bacteriology, Columbia University College of Physicians and Surgeons, 

New York City. 


Adaptation of human poliomj'elitis virus 
from monkey or man to rodents results in 
the production of murine strains which differ 
significantly in the degree of their pathogenici- 
ty for mice and rhesus monkeys. One group, 
with low potency in mice, i.e. Lansing, MEF 
and Yale-SK virus, retain to a large extent 
their original ability to paralyze rhesus mon- 
keys, even though continuous passage from 
mouse to mouse may cause some deterioration 
of this property.(l) Another group, Columbia- 
SK and MM virus, ndth high potency in mice, 
produce in rhesus monkeys rarely flaccid par- 
alysis but set up a subdinical infection charac- 
terized by massive intraneural and extraneur- 
al virus multiplication as well as by abundant 
antibody formation. (2) A third group, trans- 
ferable only to suckling mice, apparently has 
no pathogenicity whatsoever for rhesus 
monkeys. (3) The following communication 
deals with a study of the pathogenicity for 
rhesus monkeys of serial mouse passages of 
viral strains belonging to the first group, i.e. 
Lansing, IMEF and Y-SK virus. 

Experiments with the Lansing Virus. The 
strain was obtained in 1945 in its 36th mouse 
passage through the courtesy of Dr. G. Dall- 
dorf, State Laboratory, Albany, N. Y. The 
virus has since been carried in this laboratory 
in mice by making transfers at irregular in- 
tervals from glycerinated material stored in 
the ice-box. A 10% suspension of infected 
brain and cord tissues was used routinely 
and 0.03 cc injected intracerebrally into 11-14 
g Swiss albino mice. During the past 3 years 
the virus was examined for its pathogenicity 
for rhesus monkeys on 3 occasions. In each 


from tlio Sister Elizabctli 

Ivcnnv T’oundfition. 

a Theilcr, M., 2Micinc, 1941, r90, 43. 

2 . JungeWut, C. tT., and Sanders, _M., J. Exp. 
Ifed 19t0, •r72, 407; ibid., 1942, via, Oil. 

3 ■’DalWorf, G., Sickles, G. M., Plager. H., and 
Gifford, B., d;xp. dfrd., 1949, tS9, oGi. 


case a 10% suspension was prepared from 
freshly harvested brain and cord of a para- 
lyzed mouse and 1 cc of the supernatant, after 
light centrifugation, was injected intracere- 
brally into rhesus monkeys iveighing about 
2500-3000 g. One monkey was injected tvilh 
the 41st, 2 monkeys tvith the 37th, and one 
monkey with the 63rd serial mouse passage. 
None of the injected monkeys showed any 
signs of disease, such as fever, weakness or 
paralysis. Since the animals were subsequent- 
ly used for the production of hjqjerimmune 
anti-Lansing serum there was no opportunity 
for examining any sections of the spinal cord 
for possible subdinical lesions or for testing 
these animals for immunity by reinfection with 
potent simian virus. 

In subsequent experiments the same strain 
was used in attempts to infect 2 cynomolgus 
monkeys by intracerebral injection with 1 cc 
of a 10% mouse brain suspension from the 
74th serial mouse passage. Both monkep 
remained free from sjmrptoms. It wdll be of 
considerable interest to further examine this 
apparently monkey-nonpathogenic Lansing 
strain for its ability to induce protection, in 
the absence of paralysis, against a pathogenic 
strain. 

At the time these observations were made 
the virus ahvays presented the tjqrical cliniail, 
biological and serological characteristics of 
the strain. Paralysis occurred only after 
intracerebral and not intraperitoneal injection, 
infected mice showed flaccid paralysis of the 
front or hind legs, the incubation period varied 
from 48 hours to 21 days, and the potency 
of the virus fluctuated between 10'’ and ICk' 
with a mortalit}' rate of between SO and 90%. 
Moreover, the virus was neutralized by h\’- 
perimmune Lansing antiserum (obtained from 
Dr. Isabel Morgan. Johns Hopkins University, 
Baltimore) and by a majority of normal and 
polio-convalescent sera collected in the metro- 
politan area, but not by Col-SK antiserum or 
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Fig. 1. Col-SK virus (guinea pig) first monkey generation cynomolgus Xo. 7 lumbar oord. 
Fig. 2. M5I virus (mouse) first monkey generation cynomolgus Xo. 12 lumbar eord. 

Fig. 3. High Lansing virus third monkey gener.ation cynomolgus Xo. 32 cervical cord. 

Fig. 4, EMC vims third monkey generation cynomolgus Xo. 30 lumbar cord. 


rus.(4) For purpose of control, 2 highly viru- 
lent Theiler strains of spontaneous mouse en- 
cephalomyelitis, i.e. GDVII and FA torus, 
tvere also e.vamined for possible pathogenic ef- 
fects in cynomolgus monkeys. The EMC virus 
■was obtained from Dr. J. Warren, Army Medi- 
cal School, Washington, D. C., the Schultz 
High Lansing virus from Dr. Edwin Schultz, 
Stanford Universit^^ California, and the 2 
Theiler strains from Dr. Max Theiler, Rocke- 
feller Foundation, New York. 

Methods. Ten per cent viral brain suspen- 
sions were prepared from freshh* han'ested 
current mouse passages of the above mention- 
ed strains and 1 cc of the supernatant, after 
light centrifugation, was injected intracerebral- 
ly into young cj’nomolgus monkeys weighing 
between 1000 and 2000 g. In the case of Col- 
SK virus, in addition to mouse virus prepara- 
tions, viral brain suspensions were also used 


from paralyzed cotton rats or guinea pigs. The 
injected cynomolgus monkeys 'were kept under 
close observation and symptoms noted. 
.'Vnimals showing paralysis were sacrificed at 
the height of their smi^ptoms and the cord was 
removed for histological study as 'well as for 
virus recovervL Freshly prepared monkey 
cord suspensions were further passed to new 
cynomolgus or rhesus monkev*s (1 cc l.TO 
intracer ebrally) and, at the same time, were 
titered out in mice by both the intracerebral 
and intraperitoneal route. Serial monkey pas- 
sages were maintained over 2, 3 or 4 genera- 
tions depending upon the absence or presence 
of paralytic symptoms. The results obtained 
are brought together in Diagram I and in 
Table I and are further illustrated in a series 
of microphotograms (Fig. 1-4). 

Col-SK Virus. It will be noted that Col-SK 
virus, whether harvested from paralyzed cot- 
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sages, gave no evidence of being pathogenic 
for rhesus monkeys in repeated tests. The 
MEF virus, originally rhesus-pathogenic, ap- 
parently suffered a progressive loss of its 
pathogenidty for rhesus monkeys during 
serially maintained rapid mouse passages. The 
Y-SK virus, finally, seemed to have under- 
gone but little change in its pathogenic power 
for rhesus monkeys as the strain was passed 
rapidly through mice. It is realized that the 
described phenomena may not ahva 3 's be dup- 
licated in different laboratories since the 
Lansing virus has frequently been reported 


bj' otliers as being fullj’- rhesus-pathogenic. Yet 
the authenticit}'- of our strains is attested by 
the fact that all three murine strains had fullj’' 
preserved their biological and immunological 
characteristics. The observe differences in 
the degree of pathogenicity for rhesus monkeys 
and in the extent to which murine \nrus re- 
turns to mice from paralj'zed monke 3 ’s may be 
due to individual differences among strains or 
reflect an attainment of different levels of 
perfection in the adaptive process. 

Kcecivod Sept. 8, 1949. 1949, v"2. 


Monkey Pathogenicity of Various Strains of Murine Poliomyelitis Virus. 
11. Experiments with Col. SK-MM Group.* (17490) 

Claus W. Jungeblut 

jFram the Department of Bacteriology, College of Physicians and Surgeons, Columbia University, 

Sew York 


In the. preceding paper(l) data have been 
presented to show that the Lansing, MEF and 
Y-SK virus, upon serial passage in mice, ma 3 ’- 
undergo various degrees of deterioration in 
their ability to produce flaccid paralysis in 
intracerebrally infected rhesus monke}"s. This 
reduction in monkey pathogenicity, horv'ever, 
was not associated with any demonstrable 
changes in other biological or immunological 
properties. It became next of interest to 
investigate whether the Col-SK-Mhl group 
of viruses — agents which since their inib’al 
transfer to mice have shown little or no para- 
lyzing power in rhesus monkeys — would be 
capable of inducing paralytic infection, with 
central nervous system lesions, in c 3 ’nomolgus 
(Java) monke 3 's. 

The cynomologus monkey was chosen for 
this purpose since the response of this animal 
to poliomyelitis xfrus differs in many respects 
from that observed in rhesus monkei's. IVhere- 
as the rhesus monkey, as a rule, is susceptible 
only to intracerebral infection and the virus 


the Sister Elizabeth 

KennT Foundation. 

1. JnngeWut, C. W., Psoc. Soc. Exr. Bmn. akp 
Med., 1949. « 


remains strictly localized in the central nervous 
system, the cynomolgus monkey may be in- 
fected by peripheral portals of entry, includ- 
ing the gastrointestinal tract, with the produc- 
tion of a S 3 'stemic disease characterized by 
ivide e-xtraneural distribution of the virus 
and by fecal e.xcretion. Moreover, isolation of 
po]iom 3 ’’elitis virus from fresh human or non- 
human sources often succeeds better witli the 
cynomolgus than with the rhesus monkey. (2) 
The following communication deals with a 
stud 3 ’- of the pathogenicit 3 ' for cynomolgus 
monkeys of current mouse passages of Col-SK 
and MM virus. Included are also e.xperiments 
with 2 viruses of as 3 '-et uncertain identit 3 '- but 
with dose serological relationship to Col-SK 
and MM virus. These are the virus of so- 
called encephalom 3 'ocarditis (EhIC rirus) (3) 
which was isolated from chimpanzees suffer- 
ing from unknown mincardial disease, and the 
Schultz High Lansing strain, presumably a 
“high” variant of the original Lansing vi- 

2. Meinick, J., J. nvaienr, 1949, v49, 8. 

3. Selimidt, E. C. H., Am. J. Path.. 194S, 
v24. OT. 

4. Enrisht, J. B., anb Scimitz, E. W., Pr.oc. Soc. 
Exp. Btot. sxv Mcd., 1947, vfifi, r.41. 
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ton rats, mice or guinea pigs, proved to be 
highly pathogenic for cynomolgus monkeys in 
paralyzing 5 of 6 such monkeys {ollo^Ying in- 
tracerebral injectiorr; on the other hand, par- 
alysis occurred in only one of 2 injected rhesus 
monkeys. When carried from the first to the 
second monkey generation, the number of 
“lakes” was greatly diminished, only one of 
5 injected cynomolgus monkeys and 3 of 7 
inject^ rhesus monkeys developing paralysis. 
In the third monkey generation there was a 
further reduction of monkey pathogenicity in 
that paralysis occurred in one rhesus monkey 
only within a group of S rhesus and 2 cynomol- 
gus monkej'S. No paralysis was observed in 
the fourth monkey generation consisting of 2 
rhesus monkeys. 

The lesions observed in the spinal cord of 
paralyzed cynomolgus or rhesus monkeys are 
described in Table I. In 8 out of 12 cases 
they were those of severe acute poliomyelitis, 
consisting of widespread ganglion cell necrosis 
in the anterior horn, nnth numerous e-xamples 
of neuronophagia, extensive inflammatory re- 
actions around the blood vessels and occasional 
areas of hemorrhage. In 3 cases the pathology 
was limited to more sharply defined localiza- 
tions of ganglion cell necrosis in the anterior 
horn or central grey with poorly developed 
neuronophagia and but little inflammatory re- 
sponse. One case, finally, showed a mild polio- 
myelitic process with evidence of beginning 
repair characterized by extensive gliosis. A 
constant feature of the severely damaged cords 
was the close proximity between perivascular 
infiltration and ganglion cell necrosis. Patho- 
logical examination of the brain of 2 cjmo- 
molgus monkeys (not listed in Table I) , which 
had developed paralysis following intracerebral 
injection with 1 cc of a ICh- and ICh'* dilution 
of Col SK mouse virus, showed occasional 
lesions in the brain stem and a few scattered 
collections of cells in the motor cortex, near 
the tract of inoculation. A t>-pical picture 
has been selected for illustration in micro- 
photogram 1. 

The results of virus titrations in mice in- 
jected with cord suspensions from the para- 
lyzed monkeys are given in Table I. In 
general, the virus obtained from paralyzed 
monkeys was considerably less mouse-patho- 


genic than virus harvested from paralyzed 
mice but higher titers were usually obsetwed 
in cynomolgus rather than in rhesus monkeys. 
With successive monkey passages \nrus recov- 
eries, especially from rhesus monkej's, were 
of the order commonly obsen-ed rvith low- 
titred murine strains belonging to the Lansing, 
hlEF and Y-SK group. How'ever, when virus 
harvested from the original group of injected 
mice w’as further passed to a new set of mice, 
complete restoration of potency to the titer 
characteristic of Col-SK mouse passage virus, 
i.e. 10'® i.c. and ICh® i.p., became at once ap- 
parent. The loss of viral potency suffered by 
monkey passage was therefore merely a tran- 
sient depression of virulence and the virus had 
not been transformed into a permanently low 
strain. 

MM Virus. Two ci’nomolgus monkeys injec- 
ted with the mouse virus became paralyzed 
within 3-4 days but attempts to carry the virus 
into the second monkey generation were un- 
successful. One of the paralyzed monkeys pre- 
sented typical poliomyelitic lesions in the cord 
(Fig. 2), the other showed only ganglion cell 
necrosis with scanty inflammatory reaction. 
The virus recovered from the cords of both 
paralyzed cynomolgus monkeys proved of ex- 
ceptionally low virulence in mice but could be 
restored to its original high level of murine 
potency' in the next mouse passage. 

High Lansing {Schultz) Virus. The mouse 
virus paralyzed 2 cynomolgus monkey's each 
in the first, second and third monkey genera- 
tion but failed to transmit to the fourth gen- 
eration. Severe poliomy'elitic lesions (Fig. 3) 
were found in 4 of the 6 paralyzed monkey's, 
whereas in the remaining 2 animals only oc- 
casional areas showed ganglion cell necrosis 
without inflammatory' reaction. The cords of 
all paralyzed monkeys yielded virus of moder- 
ately high virulence for mice. 

EMC Virus. The mouse virus paralyzed 
one of 2 cynomolgus monkeys in the first 
generation, both cynomolgi of the second, 
and one of 2 in the third generation; no 
paralysis was obtained in the fourth genera- 
tion. Typical poliomyelitic lesions (Fig. 4) 
were found in the cords of 3 animals, the 
remaining monkeys presenting an atypical 
picture of occasional chromatolysis of ganglion 
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groups of virus must not be overlooked. For, 
whereas murine Lansing, hlEF and Y-SK 
virus can often, if not always, be maintained 
in an unbroken series of monkey generations, 
murine Col-SK, MM, High Lansing and EMC 
virus produce paralysis in monkeys only for 
a limited number of passages. The abrupt 
e-vtinction of paralyzing power for primates, 
despite the presence of a potentially virulent 
agent and the manifestation of extensive le- 
sions in the central nervous system of the in- 
fected monkey, constitutes an as yet unsolved 
problem. The problem is further accentuated 
by the fact that monkei’- passage fails to bring 
about a permanent conversion of the “viscero- 
tropic” Col-SK strain into the “neurotropic” 
Y-SK strain. If one contrasts the obvious de- 
pression of virulence in monkeys — a frequent 
phenomenon for the Col-SK-MM group of 
virus — ^ndth the ease with which the same vir- 
uses can be propagated in mice, one is con- 
fronted ndth several possible conclusions. 
Either different murine strains of human polio- 
myelitis virus possess different innate degrees 
of pathogenicity for monkeys and mice; or, 
some of these \druses have suffered an ir- 
reversible loss of their intrinsic monkey 
pathogenicity, subsequent to their experimen- 
tal adaptation to rodents. A third consideration 
would be that in the case of the Col-SK-hlM- 
EMC-hlengo group of viruses we are deal- 


ing with a serologically homogenous group of 
aberrant members of the poliomyelitis family 
which, though capable of producing paralytic 
poliomyelitis in monkeys and probably also in 
man, (6) are genetically not of human but of 
rodent origin in nature. This hypothesis 
might receive support from the recent demon- 
stration of the regional occurrence of virucidal 
antibodies against EMC and hlM virus in 
the sera of wild rats. (7) Obviously, further 
study of the complex problem is necessary 
in order to provide the correct answer. 

Conclusions. 1) Col-SK, hIM, High Lansing 
and EMC \drus, hari'ested from remote rodent 
passages, produce typical poliomyelitis in in- 
tracerebrally infected cynomolgus monkeys. 
2) Two strains of hi^y virulent Theiler 
virus, GDVII and FA, are non-pathogenic for 
cynomolgus monkeys. 3) The Col-SK-MM 
group of virus can be carried in c}momolgus 
monkeys only for a limited number of pas- 
sages. 4) Judging from serological and bio- 
logical characteristics, monkey passage fails 
to bring about a permanent conversion of Col- 
SK virus into Y-SK \drus. 

6. Jungeblut, C. lY,, in prei)aration. 

7. Warren, J., Euss, S. B., and Jeffries, E., 
Proc. .Soc. Exp. Bion. and Med., 1949, v71, 376. 

Beceived September 8, 1949. P.S.E.B.M., 1949, v72. 


Artificial Kidney. II. Construction and Operation of an Improved 
Continuous Dialyzer.* (I749I) 


Leonard T. Skeggs, jR.,t Jack R. Leonards, and Charles R. Heisler. 
From the Department oj Biochemistry, School of Medicine, Western Reserve University, 

Cleveland, O. 


The insertion of a continuous dialyzer 
(artificial kidne\') in the circulatory system 
of an animal or a human in uremia has been 
shown to be capable of removing nitrogenous 

* Supported in part by a grant from tlie Miles 
Laboratories, Elkhart, Ind. 

t Biochemist, Crilc Veterans Administration 
Hospital, Parma, Ohio. 

1. Kolff, V . L., A ttr iroi/s of Treating Uraemia, 
laindon, ,1. and A. Chnrehill, 1947. 


waste products(l-lO) and to result in the 
adjustment of electrohde equilibrium. (1,3,8, 

2, Murray, G., Delorme, E., and Thomas, X., 
Arch. Sv.rg., 1947, rau, 505. 

3, Murray, G., Delorme, E., ami Thomas, X., 
■T. A. .If. .4., 1948, vl37, 1D9G. 

4. Ahv.all, X.. and Xorviit, L., Acta med. Seand., 
(.Suppl. 196). 1947, vl2S, 250. 

5. Ahvall, X., Xorviit, L., and Steins, A. M., 
Acta med. .^eand., 1949. vl32, 477. 
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MONKEY PATHOGENICITY OF THE COL SK*-MM GROUP OF VIRUSES 

Fig. 5. 


cells but no perivascular infiltration. No 
evidence of demyelination could be detected 
in the cords of the 4 monkeys examined. Virus 
recovered from the cords of paralyzed mon- 
keys, in all 3 generations, proved consistently 
moderately pathogenic for mice. 

Theiler Virus (GDVII and FA). Two cyno- 
molgus monkeys were injected intracerebrally 
with each of the 2 strains harvested from fresh 
mouse passages. None of the 4 animals show- 
ed any signs of illness during one month ob- 
servation. Two monkeys were sacrificed at 
that time and cord sections examined histo- 
logically. No lesions of any kind were found 
in these cords. 

Immunological Tests. The immunological 
properties of the various murine strains, fol- 
lowing their passage through monkeys, were 
studied: 1) by examining a number of repre- 
sentative sera from paralyzed or symptomless 
monkeys for their ability to neutralize Col-SK 
and y'-SK murine virus in mice, 2) by de- 
termining the extent to which Col-SK monkey 
virus, harvested from infected monkey cords, 
could be inactivated in mice by knov,m Col- 
SK and Y-SK antisera, 3) by reinfecting all 
surviving symptomless monkeys with simian 
poliomyelitis virus. Suffice it to say that neu- 
tralization of Col-SK murine virus was readily 
obtained by the majority of sera col ect^ from 
cynomolgus or rhesus monkeys 
Col-SK IvIM, High Lansing or EHC virus 
(but no’t with Theiler virus) , whereas the same 
Ira failed to neutralize Y-SK munne virus. 
rharmSy with this fact. Col-SK virus, pre- 
pared Trom infected cynomolgus cords, was 


fully inactivated by known Col-SK antiserum 
but not regularly by known Y-SK antiserum, 
lathe reinfection experiment, finally, a group 
of 8 cynomolgus monkeys surviving asjTnpto- 
matic infection, with either Col-SK virus (C8, 
CIO, C33, C34) High Lansing virus (C37, 
C38) or EMC virus (C29, C3S), together 
with one normal rhesus control monkey, were 
challenged by intracerebral injection of simian 
poliomyelitis virus (1 cc 1:10 Aycock rhesus 
passage virus). All animals developed com- 
plete or partial paralysis within 1-3 weeks. 

Discussion. The results obtained in this 
study leave little doubt that the murine strains 
at present classified as the Col-SK-MM-EiNlC- 
^lengo group of virus are highly patliogenic 
for cynomolgus monkeys and induce in this 
animal an experimental disease which is 
symptoms tologically and pathologicallj' simi- 
lar to that produced bj' the Lansing-'i'- 
SK group of murine virus in rhesus monkeys. 
African grey monkeys (Cercopithecus aethi- 
ops) have also been reported as developing 
paralysis more frequently than rhesus mon- 
keys following infection with Mengo virus.(5) 
Although these facts seem well enough estab- 
lished,^ significant differences in the degree 
of such monkey pathogenicity between tJie two 

5. Dick, G. It7r\7~a>>irsmithburn, K. C.. 
Hr. J. Erp. Path., 3£)t8, vS.O, 547; nick, G. tt . A., 
ifcirf., 194S, v’9, 5.sn. 

ITl.c f.ict that Col-SK virus paralj-zcs cxdo- 
molRUS moukovs with the ratl.olopic.-.l picture of 
poiiomvclitis in the spinal cord hccn conhrn.ed 
bv Pr.' .1. n. Vcrlinde, Leiden. Holland, who 
l.'iiWisi) his findlnp-s clscwliere. 
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an opening through which blood may enter 
the space between the pieces of cellophane 
and flow in a uniform film to the opposite end 
where it may leave the apparatus through the 
second pair of steel plates. Dialyzing solution 
flows in a countercurrent direction through 
the grooved spaces in the rubber pads on both 
sides of the thin layer of blood contained be- 
tween the two pieces of cellophane. As many 
such units as desired are easily assembled 
one above another and clamped with a simple 
holder composed of 2 flat steel plates. WTien 
so assembled all units are automatically con- 
nected in parallel through suitable intercon- 
necting holes at both ends of the rubber pads. 
By appropriate placement of small slips of 
cellophane between the individual units, they 
may be connected in series or in series paral- 
lel, several combinations being possible. This 
makes it possible to alter the resistance of the 
■‘kidney’’ to the available flow of blood. For 
dogs weighing between 15 and 20 kg in which 
blood is drawn from the femoral arterj’’ and 
returned to the femoral vein the best assembly 
has been found to be a total of 8 units, 2 
parallel sets of 4 units being connected in 
series. 

If the “kidney” is properly assembled, there 
will be no leakage of blood into the dialyzing 
solution, or between the rubber pads. To 
detect assembly errors, air is introduced into 
the spaces to be occupied by the blood at 
150-200 mm of mercury above atmospheric 
pressure. If no decrease in air pressure occurs, 
the apparatus is considered satisfactory. No 
holes have yet been found in the cellophane 
sheets and leaks have never developed during 
the dialysis. DuPont No. 300 non-moisture- 
proof cellophane sheets may be purchased cut 
to size. 

The connections between “kidney” and 
animal are shown in Fig. 2. A rubber tube 
(B) sufficiently long to lead to the arterial 
cannula is connected to the blood spaces at 
one end of the “kidney.” A similar tube (H) 
leads from the other end to the venous can- 
nula. In this line is placed a simple glass air 
trap (G). It is also convenient to place glass 
T connections (C and F) in both arterial and 
venous lines. These are used to fill the 
"kidney” with blood and to administer intra- 



Fjg. 2. 

Diagram of connections of the artificial kidney 
to the animal and to the source of dialyzing solu- 
tion. See test for esplanntion of letters. 

venous solutions. During sterilization these 
2 T tubes may be connected to the dialyzing 
solution inlet (L) and outlet (M). Steam at 
5-; 15 lb. pressure is run through the arterial 
tube (B), the “kidney,” glass trap (G). and 
the venous lines (H) for 30 minutes. Fol- 
lowing sterilization the “kidney” is cooled 
and washed by running cold water for several 
hours through the dialyzing solution spaces 
onh'. Just before use the assembled ‘"kidney” 
is rinsed by passing 6-10 liters of sterile 
saline through the blood spaces. We have 
found it convenient to place the kidney on an 
ordinary hospital bedside table and to resen^e 
the lower part of the table for an apparatus 
designed to deliver dialyzing solution warmed 
to 37.3°C at any desired rate. This apparatus 
consists of a small centrifugal pump^ (J) 
controlled by a rheostat which propels dialyz- 
ing solution from a 5 gallon bottle (I) through 
a 20 foot length of inch diameter copper 
tube coiled in a thermostatically controlled 

^ Enstcrn Engineering Co., New Haven. Conn., 
llofiel B-1. 
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1-0,11). This continuous dialysis of blood has 
proved valuable (12,13) in the isolation of 
substances which are present in blood in low 
concentrations. The method may also be 
applied to fundamental physiological studies. 
(14,15) For such dialysis to be reasonably 
successful the apparatus used should contain a 
large area of dialyzing membrane so that the 
rate of dialysis may be rapid and the process 
be completed in 1-4 hours. The volume of 
blood which it contains should be relatively 
small and constant in order to avoid undue 
changes in the subject’s blood volume. The 
dialyzing solution on the other side of the 
membrane should be in a closed system. This 
is necessary in order to keep a certain amount 
of CO 2 in solution which makes possible a 
physiological pH and avoids precipitation of 
calcium phosphate. The apparatus must be 
easy to clean, assemble and sterilize and 
should preferably be inexpensive. 

Several artificial kidneys have been de- 
scribed.! 1,2,7,12,14,16) Although differing 
in constructional details they are all charac- 
terized by the use of long lengths of cello- 
phane tubing (sometimes greater than 100 
feet) and the design most widely used at the 
present! 1) is of an undesirably large size. 
In a previous communication (1 7) we de- 
scribed a new design of a continuous dialyzer 


6. Alwall, X., Xon-iit, L., .nnd Steins, M., 
Ada med. Scand., 1949, vl32, 587. 

7. Ahvall, N., Acta mcd. Scand. (Suppl. 229), 
1949, vl33, 3, 16, 22. 

8. Bywaters, E. G., and Joekes, A. 11., Froc. 
Foy. Soc. Ifed., 1948, v41, 420. 

9. Unclean, J. T., Eipstein, C. B., deLeeuw, 
N. K. II., and Jlillcr, G. G., Canad. i[cd. A. J., 


1948, v5S, 433. 

10. A’aiiatta, J., lluirhead, E. E., and GroUman, 
A., Am. J. FJiysiol., 1949, vloG, 443. 

11. IVener, J., and deLceii-w, N. K. JI., Proc. 
Soc. Exp. Biol. A^^> IIed., 1949, v71, 18. 


12. Abel, J. J., Kowntrce, J. G., and Turner, 
B. B., j. Fharm. and Exp. Thcrap., 1914, vo, 275. 

13. Abel. J. J., Bowntree, J. G., and Turner, 
B B V Pharin. and Exp. Thcrap., 1914. to. Oil. 

’l4.’ Eeinekc, E. II., Holland, C. E., and Stutzman, 
p L., -4)11. J. Physiol., 1949, rloC, 290. 

15. Lim, B. K. S., and Keclieles, H., Proc. Soc. 
Exp. Biol. aXD IIed., 1926, v24, 29 1 . 

16. Ahvall, E'., xlda mcd. Scand., 1947, vlCS, 


317 . 



Fig. 1. 

Diagram of the artificial kidney. The top rubber 
pad of an assemblj- of 4 units lias been bent back 
to show the relative position of the inner parts. 

B^ — Grooved rubber pads. 

C — Celloiibane sheets. 

S — Stainless steel plates between the two sheets 
of cellophane. These plates are separated one 
millimeter by projections (P) in one of the plates. 

D — Depression in rubber pads to accommodate 
the steel plates. 

B — Interconnecting tubes for blood. The holes 
in the steel plates fit exactly over B. 

E — Interconnecting tubes for dialyzing solution. 

which met the above requirements more 
closely than any previously described. Al- 
though it has been used in many successful 
experiments it had one main disadvantage in 
that the blood being dialyzed was exposed to 
a large surface of rubber tvbich accelerated 
clotting and necessitated coating the rubber 
with a non-wetting silicone resin. This in- 
volved a considerable amount of work. The 
present report describes an improved model 
in which the above objection is overcome and 
in which the dialyzing efficiency has been 
greatly increased. 

The diaij’zer is composed of a variable 
number of units, each unit consisting of two 
identical longitudinally-grooved rubber pads* 
(12 inches by 18 inches by 3 '16 inch), be- 
tween which are placed 2 sheets of cellophane 
(Fig. 1). The two pieces of cellophane are 
separated at either end by 2 identical pairs of 
stainless steel plates which at one end provide 

17. Skeggs, L. T., .Tr., and Leonards, J. B., 
Science, 104S, rlOS, 212. 

; The authors wish to acknowledge the invalu- 
able assist-ance of the Honck yiachine Co.. Bar- 
berton, Oliio. for machining the specially designed 
steel mold and of A. E. Sidnell and the personnel 
of the .Sciberling Latex Products Co., of Akron, 
Ohio, for molding the rubber iiads. 
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DiYS AFTER URAfilUM 

Fig. 3. 

The effect of treatment TOth the artificial kidnev 
on the Wood urea nitrogen and the CO^ content of 
plasma of a dog given a dose of uranium nitrate 
(5 mg per kg) which is usnallj- lethal. The arroivs 
represent dialyses of the durations indicated. Xote 
the restoration of the Wood urea nitrogen to almost 
normal levels and the elevation of the COj content 
towards normal. The solid black bars at the bot- 
tom of the chart represent the urea nitrogen re- 
moved from the animal by the artificial kidney. 
This animal recovered. 

thal. (20,21) The data on one of these ani- 
mals are presented in Fig. 3. Three days after 


the injection of the uranium,, the animal be- 
came anuric. At this time treatment -sras in- 
stituted and a total of 5 dialyses at 1-2 dat* 
intervals were successfulh* accomplished. The 
blood urea nitrogen was restored to nearly 
normal levels by each diah'sis. A total of 57 g 
of urea nitrogen were recovered in the dia- 
lyzing solution. The ability of the artificial 
kidney to regulate acid-base balance is illus- 
trated by the fact that the CO 2 content of the 
plasma which was decreased as a result of the 
inadequate renal function was repeatedly 
elevated toward normal levels. Chloride, so- 
dium, and potassium remained within normal 
limits. Following the fifth dialysis, 10 days 
after the dose of uranium, the dog began to 
excrete urine and survived without further 
treatment. 

Summary. .An improved type of continuous 
dialyzer specifically designed for use as an 
artificial kidney has been described. .A thin 
film of blood is made to flow between 2 sheets 
of cellophane supported between rubber pads 
which are grooved to allow passage of a dia- 
lyzing solution. Details of its operation are 
given and its application in the treatment of 
acute renal insufficiency- in dogs is described. 

Beceived Sept. 13. 19197 P.S.E^B.M., 1949, vV2. 


Intravenous Infusions of Concentrated Combined Fat Emulsions into 
Human Subjects.* (17492) 

B. G. P. Shafiroff, J. H. Mulholuand and E. Roth 

From the Laboratory oj Experimental Surgery, .Vra York Universitv College of Medicine 


and the Coldvratcr 

The successful development of a method 
for the preparation of a 10% combined fat 
emulsion and the results after clinical investi- 
gation of this emulsion as reported by us 
warranted further studies in the prqjaration 
and administration of more concentrated fat 
emulsions.! 1) The advantages to be derived 
from the more concentrated intravenous fat 
preparations, increased caloric potential in 

* Aided by a grant from the Ben Levris Fund 
in Experimental Snrgerv. 


Memorial Hospital. 

reduced volume, would constitute a further 
advance in the field of parenteral fat nutrition. 
The present report is devoted to the method 
of preparation of two combined fat emulsions 
with fat in IS and 20% concentrations and a 
study of the effect of their intravenous in- 
fusion on human subjects. 

Preparation of Concentrated Fat Emulsions. 

1. Shafiroff, B. G. P.. Jlulholkand, J. H., Both, 
E,, and Baron, H, C., Pr.oc. Soc. Exp. Biol, ai.-d 
Med., 1949, v70, 343. 
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TABLE r, 

Composilion of Dialyzing Solution for the Dog. 


iliUicquivulents per 1 


jS'a+ 

148 

Cl- 

126 

K+ 

3 

nco-= 

24 

Ca++ 

5 

HPO^— 



3 

Lact.ate— 

7 

Total 

159 

Total 

139 

Glucose; 100 mg/100 ml 


CO. 

gas to pH 7.35-7.45 


Preparation of Concentrated Stock Solutions 

Sol. A 


Sol. B 


G per 1 


G per 1 


KCl 

9.0 

HaHCOo 

84.0 

CaClo 

11.1 

NaoHrO.! 

5.7 

TSIgCU • GHoO 

12.2 

NaOH 

9.6 

NaCl" 

269.0 



Glucose 

40.0 



Lactic acid 

27.1 ml 

(assay 85-90%) 


500 ml eacb of solutions 

A and B arc added to 


19 liters of distilled rvatcr for use. The exact 
amount of lactic acid required to bring the pH of 
the diluted dia] 3 -zing solution to pH 7.3-7.5 is de- 
termined for each lot. 


water bath (K), and then to the “kidney” at 
inlet tube (L). After passing through the 
“kidney,” the dialyzing solution ma 3 r'be col- 
lected via tube (N). 

The dialyzing solution is prepared to con- 
tain the electrolyte composition of the extra- 
cellular fluid of the normal dog with the addi- 
tion of 100 mg of glucose per 100 ml. This 
composition is calculated from actual analyses 
of dog plasma obtained in this laboratory over 
the past 10 years and reported in part by 
Muntwyler ct 01.(18,19) Solution A (Table 
I) contains a small excess of lactic acid which 
upon mixing with the bicarbonate of solution 
B yields the required amount of dissolved COo 
to maintain the pH at 7.35-7.43. This makes 
possible the presence of calcium, phosphate 
and bicarbonate in physiological concentra- 
tions without precipitation. 

Twenty dogs, have been dialyzed using the 
above apparatus. Morphine (0.5 mg/kg) or 
Merperidine Hydrochloride (Demerol) (50- 
150 ni'') was injected subcutaneously and the 
iemotri artery and vein exposed under local 
anesthesia (0.5% Pontocame Hydrochloride) . 
1 nlastic catheter 4 mm in diameter and 4-6 
. — ^ xfpllnrs I?. C., .ind M.intz, 

lO.'Srdlurs, B. C., 5’ "" ’ 

F. B.. J. Bfol. Chem., 1012, vU4, <-3. 


inches long is inserted through the femoral 
vein into the vena cava. Three mg of heparin 
per kg of body weight was injected intra- 
venousU’- through this catheter and the fe- 
moral artery cannulated. The “kidnej'” was 
then filled with heparinized donor blood, con- 
nected to the arterial and venous cannulae and 
blood allowed to flow Uirough the dialyzer. At 
the end of the dialysis 15 ml of 1% protamine 
sulfate is slowl}' injected intravenously.!! This 
is usually adequate to restore the blood clot- 
ting time to a value of less than 15 minule.s. 
In some animals an additional 50-100 mg of 
protamine sulfate were found necessary. The 
cannulae maj^ then be removed. It is im- 
perative that the clotting time be carefully 
watched if serious hemorrhages are to be 
avoided. 


-An arterial pressure of 100 mm Hg resulted 
in a blood flow of 150-250 ml per minute. Dia- 
lyzing solution flows at 400 cc per minute and 
is under a negligible pressure. The area of cel- 
lophane is 12,000 enr which together with a 
total of 400 cc of blood in the “kidney”' gives 
an average thickness of the film of blood of 
0.66 mm. Under these conditions the clearance 
of urea from the dog’s blood is usually about 
50 ml of blood per minute (when calculated 
in a manner exactly analogous to the usual 
clinical method) and in occasional e.vperi- 
ments has been as high as 60-80 ml per 
minute. It is of interest that creatinine dia- 
lyzes through cellophane at a rate only' half 
as great as urea. 

Most of the animals tolerated the dialysis 
without obserx'able effects. Hemolysis did not 
occur. However, in a few cases the blood 
pressure decreased to as low as 30-50 mm but 
returned to normal within 1 to 3 hours. The 
cause of this effect has not been determined 
and is now under investigation. 

In order to demonstrate the effects of treat- 
ment with the artificial kidney, dogs were 
given 5 mg per kg of anhydrous uranyl nitriUc 
subcutaneoush'^, a dose which is usually^ e- 


i; Kijully siTPlicd bv I’aul Lewis Laboruforics, 

Mihv.-iukec, tVis. , 

20. Doniieliy, G. L., and Jlolnian, R. 


20. Donnolir, G. L., and Jlo.nwn, . 
.7. r/mmi. n,ul Kxp. Thernp., 1942, v-a, II. 

21. Gii.stafsnn, G. E., Kolofsk.v, .nii 
A. ri„ Arch. !n(. .Vo!.. 7.944, v7-i, 410. 
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TABLE II. 


Immediate Effects from Infusions of Concentrated Fat Emulsion.s into Human Subjects. 


Emulsion 

Volumes 

infused 

(ml) 

gfat 

infused 

Xo. of 
patients 
infused 

Xo. of 
infusions 
given 



Eeactions. 



<1° 

Tomperature rise 

>3° 

Cliill 

> 

TomitiBg 

15% 

500 

77.0 










to 

to 

U 

23 

S 

3 

5 

7 

7 

0 


GOO 

93.0 










700 

lOS.u 










to 

to 

o 

9 

3 

0 

3 

3 

o 

0 


900 

139.5 










1000 

155.0 

o 

7 

1 

1 

2 

3 

1 

0 

20% 

500 

101.0 










to 

to 

7 

12 

4 

4 

3 

1 

4 

1 


GOO 

121.2 









Tot. -its 



25 

51 

1C 

8 

13 

14 

14 

3 


elevation above tbe initial pre-infusion temper- 
ature but were not corrected for changes due 
to the disease of the patient. The incidence 
of chills totalled 14 of all infusions given. Of 
the latter the occurrence of 7 cases of chills 
were correlative with high temperature and 
the administration of the emulsion at the rate 
of 80 drops per minute. Upon reduction of 
the rate of infusion these same subjects on 
other occasions did not repeat the chill when 
re-infused with the fat emulsion. Chills were 
the severest type of reaction encountered in 
the present series. Upon the administration 
of 50 mg of either pjaibenzamine or benadryl 
the latter reaction was considerably reduced. 
Vomiting, headache and dizziness occurred in 
4 instances and were in association ivith a chill. 
Other reactions such as coughs, allergies and 
fatty taste did not occur in this series. There 
were also no fatalities. (Table II). 

The values for hemoglobin, hematocrit cell 
volume and red and white cells tended to fall 
below their initial values during the infusion 
phase of the emulsion and returned to their 
original levels shortly before or after the ter- 
mination of the infusion. The erythrocyte 
sedimentation rate showed an increase in 
rapidity of sedimentation which average 25% 
to 35% greater than the pre-infusion sedimen- 
tation time. It also returned to its initial 
jcvel. The differential white count was not 
indicative of any trend. The specific gravi- 
ties of blood and plasma showed a temporarv 


dilution effect due to the infusions followed by 
a return to normal limits (Table III). 

Changes of blood pressure in response to 
the injection were variable. During the in- 
fusion period there was generally a slight ele- 
vation of blood pressure followed by a moder- 
ate fail which persisted for 2 hours after com- 
pletion of the infusion. The elevation of 
systolic pressure did not e.xceed 20 mm Hg 
and the fall in systolic pressure ranged from 
10 mm to 25 mm Hg. The diastolic pressure 
tended to fall towards the end of the infusion 
but also returned to its normal level. There 
were no falls in blood pressure which indi- 
cated any tendencies toward the development 
of shock. 

Counts of chylomicrons were made from 
jjeripheral venous blood under dark field il- 
lumination with a net micrometer in the eye- 
piece of the microscope. In the post absorp- 
tive state the pre-infusion coimt varied from 
zero to 10 chylomicrons. After the infusion 
was started there was a rapid rise in the num- 
ber of chylomicrons to a peak. At about the 
mid-point of the infusion the chylomicrons be- 
gan to decrease in number and return slowly 
to the initial level. 

Consecutive urine studies were made in 25 
infusion tests. In no case was a positive test 
for blood or urobilinogen obtained which was 
attributable to the fat emulsion. Chemical 
tests for fat in the urine were negative. Dark 
field examination of the urine for chylo- 
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T.VBLE I. 

Composition of 15% and 20% Cionccntratcd Combined Fat Einulsioiis. 


Cone. 

fat 

emulsion 


% composition 


G fat 
per 
liter 

Calories 

per 

liter 

Coconut oil 

Gelatin 

Glucose 

Amigcn 

15% 

20% 

15.0 

20.2 

2.20 

2.C6 

5.4 

5.5 

3.G 
o 2 

155.0 

202.0 

1720 

2101)' 


The successful preparation of the 15% and 
20% combined fat emulsions was accom- 
plished by adequate and thorough homogeniza- 
tion and emulsification procedures as de- 
scribed in our previous report on the 10% 
combined fat emulsion, wherebji' the homogen- 
izer apparatus adapted to medical usage and 
the tedmic of manufacture of sterile emulsions 
were presented in detail. ( 1 ) 

The constituents of the emulsions are solu- 
tions of 10% protein hydrolysate, 50% glu- 
cose, 6% intravenous gelatin (Knox-P-20) 
and refined coconut oils. All except the latter 
are available as sterile non-pjnrogenic solu- 
tions in sealed flasks. The refined coconut 
oil is autoclaved before mixture nith the other 
emulsion ingredients. In the present studies 
15% and 20% concentrations of fatty oil 
were obtained in the preparation of the com- 
bined fat emulsions resulting in caloric values 
of approximately 1720 and 2100 calories re- 
spectively per liter of emulsion. The percen- 
tage composition of the various ingredients 
which make up the emulsions are listed in 
Table I with fat as the prime contributing 
factor to the increased caloric value of each 
preparation. 

Intravenous gelatin was used exclusively as 
the emulsifying agent requiring between 2 and 


3% for thorough emulsification of the 15% 
and 20% concentrations of fatty oil. The 
stability of both combined fat emulsions has 
been observed for a period of more than 7 
months without “creaming” or “oiling out”. 
The particle size of the emulsions was within 
the one micron range and active Brownian 
movement was e.xhibited on microscopic e.x- 
amination. 

Method oj Sfudv. The combined fat emul- 
sions were administered without selectivity to 
hospital patients who were being treated for 
a variety of surgical conditions. Several of 
ftese patients ran a chronic low grade fever. 


The studies were started in the morning with 
the subject in the postabsorptive state after 
a fasting period of 14 hours. Before the in- 
fusion was started a sample of blood was tak- 
en, the morning urine was obtained, and 
temperature, pulse, respirations and blood 
pressure w'ere noted. The infusion was then 
given intravenously at a specific rate ranging 
from 20 to 80 drops per minute and v'aiying 
in different patients. In every case the amount 
infused was 500 ml of either emulsion. In 
several subjects a second infusion was also 
given in the late afternoon. During tlie course 
of the infusion and throughout the post-in- 
fusion phase until tlie ne.xt morning, blood and 
urine samples were taken and the above men- 
tioned clinical notations were made at regular 
inten'als. The following tests were made rou- 
tinely on the blood ; hemoglobin, red cell count, 
white cell count with differential, sedimenta- 
tion time, chylomicron count and specific 
gravity. Clinically, subjective and objective 
constitutional reactions relative to the in- 
fusion w'ere studied. X-rays of the lungs were 
taken in series for any lesions due to fatty 
infiltration, pulmonary irritation or pulmonaiy 
emboli. Final check examinations were made 
2 weeks after completion of the infusions for 
hemolytic anemia and for possible liver or 
kidney damage. Surgical liver and lung biop- 
sies were obtained from several subjects who 
received the emulsion. These specimens were 
prepared for microscopic analj'sis fay staining 
with osmic acid, Sudan IV and hemato.xylin- 
eosin. 

Results. The 15% and 20% combined fat 
emulsions were administered intravenous!)' 
into 25 human subjects for a total of 51 in- 
fusion studies. Details relative to the method 
of administration, volume infused, tempera- 
ture response and constitutional reactions are 
supplied in Table IL Temperature changes 
were computed according to Uie degree of 
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microns showed a moderate elevation in the 
number of fat particles. In 4 infusion studies 
with the 15% fat emulsion and in 3 with the 
20% fat emulsion, positive reactions were ob- 
tained for acetone varjdng from l-f to 2-{- in 
.2 or 3 of the intermediate urine specimens 
examined during the course of the infusion. 
During the post-infusion phase the tests for 
acetone occasionally showed a faint trace and 
remained negative thereafter. There were no 
positive tests for diacetic acid. There were no 
indications by these tests of any greater ace- 
tone spillage occurring in recipients of the 
20% fat emulsion as compared with recipients 
of the 15% fat emulsion. 

Follow-up studies for hematologic complica- 
tions in subjects who received either single or 
multiple infusions showed no signs of hemoly- 
tic anemia. Likewise x-rays of the lungs gave 
no evidence of fatty emboli or pulmonarj'^ irri- 
tation. Liver and lung biopsy specimens failed 
to show any organic lesions which could be at- 
tributed to the intravenous infusion of fat. 
Liver and kidney function studies showed no 
pathologic alterations which w’ere attributable 
to the emulsions. 

Comment. The effects of the intravenous 
infusion of either the 15% or 20% combined 


fat emulsions were in many respects similar 
to those noted in our clinical studies on the 
infusion of the 10% combined fat emul- 
sion. ( 1 ) These pertained particularly to hema- 
tologic changes, blood pressure response and 
follow-up observ'ations on liver, lung and 
kidney function. Constitutional reactions such 
as high temperatures or chills averaged 27% 
as compared with 9% with the more dilute 
fat emulsion. .About 50% of the reactions 
encountered in this series were found to be 
due to the speed with which the emulsion was 
administered, the fast infusions being asso- 
ciated with the chill reaction. The tempera- 
ture elevations could be accounted for on the 
basis of a sudden plethora of fat. In any 
case the concentrated fat emulsions required 
cautious careful administration. 

Summary. Two ty-pes of combined fat 
emulsions, one containing 15% fat and the 
other 20% fat, were infused into 25 human 
subjects. A total of 51 of these concentrated 
fat emulsions were administered intravenous- 
ly. The incidence of constitutional reactions 
was 27%. A variety of laboratory and clinical 
observations were made in conjunction with 
these infusions. 

Beceived Sept 23, 1949. P..S.E.B.ir., 1949, tTs! 


Malignant Lymphoid Tumors in Orchidectomized Mice Receiving Hypo- 
physeal and Ovarian Grafts at Various Ages.'^ (17493) 

Martin Silberberg and Ruth Silberberg 
From the Snod^ras Laboratory 0 / Pathology, St. Louis Citv Hospital, St. Louis, Mo. 


hile studying the effects of anterior hypo- 
physeal and ovarian transplants on mammary' 
growth in male castrate mice of strain .A, we 
noted the occurrence of lymphoid leukemia 
and lymphosarcoma in a number of animals 
bearing these grafts.(l) The present report 
deals with the incidence of these tumors in 
the various experimental groups. 

* The invcstig.ntion w.is supported by a research 
grant from tlic National Cancer Institute, United 
States Public Health .Scrrioc. 

1. Silberberc, It., !ind Sii1)erberg, M., Proc. Soc. 
Exp. Biol, .ikd Mf.d., 19to. t70, 510. 


Material and methods. The experiments 
have been described in detail in a previous 
paper.fl) Briefly, 161 male mice- of the 
closely inbred strain A kept on a standard diet 
of Purina Laboratory Chow and water were 
castrated at the age of 3 weeks. The animals 
were divided into two age groups: /. Younger 
age group grafted at the age of one month; 
Twenty-eight castrates received four anterior 
hypophyses each; 26 received 2 or 4 ovaries 
each: 25 received a combination of 4 hypo- 
physes and ovaries. IJ. Older age group 
grafted at the age of 7 months: Twenty-eight 
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that grafts may remain alive for a consider- 
able length of time. The following photo- 
micrographs 1-4 demonstrate well preserv-ed 
hypophyseal and ovarian grafts. As had been 
found in regard to mammaiy- cancers in these 
animals,(l) the development of malignant 
lymphoid tumors could not always be corre- 
lated to the state of preservation of these 
transplants at the time of necropsj'. It must 
thus be assumed that grafts may e.vert an 
effect for some time and then undergo regres- 
sion. 

The incidences of malignant lymphoma, the 
mean age at death, and the age range at death 
in the various experimental groups are given 
in Table I. 

Younger arc group: Transplants of anterior 
h\-poph\’sis had a leukemogenic effect of about 
the same order (25%) as ovarian grafts 
(26.9%). However, ovaries were slower in 
calling forth this result than were hj^pophyseal 
transplants, the mean age at death of animals 
of the former series being 20 months 'as com- 
pared with 16.6 months in the latter group. 
Anterior hj-pophysis grafted together with 
ovaries produced malignant h'mphoma about 
40% more often, namely in 36% of the ani- 
mals, than either hypophysis or ovaries alone, 
and the mean age at death in this group was 
18.7 months. 

Older age group: 10.7% of the castrates 
bearing transplants of anterior hypophysis 
had lymphomas at the mean age of 22 
months; 8% of the animals bearing ovarian 
grafts alone developed lymphoid tumors at 
the age of 15 months, and neoplasms were 
observed in 13.8% of the mice bearing grafts 
of anterior hypophysis together with ovaries. 
In this group, the mean age at death was 17.5 
months. 

Discussion. In castrate male mice of strain 
A bearing anterior hypophyseal grafts, malig- 
nant lymphoid tumors were found to develop 
in increased numbers. This leukemogenic 
effect of anterior hypophysis was apparently’ 
not mediated through the ovaries since it was 
present in castrates which did not carry- 
ovarian grafts. The mode of action of the 
anterior hypophyseal hormone in this type of 
leukemogenesis is unknown. Tentatively, 
however, the following e.xplanation may be 
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Fig. 1 and 2. 

Section through an ovari.an graft 21 montlis after transplantation. Fie 1 Clefts masni- 
lication 70X. Fig. 2 (right) magnification 345X- 



Fic. 3 and 4. 

Section through an hypopliyseal graft 14 months after transplantation. Fig. 3 (loft) mag- 
nification 25 X. Fig. 4 (right) magnification 93 X. 


castrates received anterior hypophyses; 25 re- 
ceived ovaries; and 29 received a combination 
of 4 hypophyses and ovaries. AH grafts were 
obtained from freshly killed animals closely 
related to the host (stmgenesiotrans- 
plants).(2) The glands were transplanted 
into a subcutaneous pocket of the chest wall. 

Observations. In untreated mice of strain 
A which is known to have a 3.8^ inci- 
dence (3) of spontaneous lymphoma only an 
occasional case of malignant lymphoid tumor 
was noted. These tumors with or without 
leukemia manifested themselves in large neo- 
plasms of the mediastinum or mesentery, or in 


o Xioeb, L., Ttie Biological Basis of ImUvtdii- 
aitv ISl'o, Charles C. Thomas, 
s' kirschhaura, A., and ICaplan, 11. S., Science, 


1944, vlOO. 300. 


diffuse infiltration of lymph nodes, spleen, 
liver, kidney, lung or heart, leukemic blood 
picture, or in a combination of several of these 
findings. Only those cases were classified as 
malignant lymphoma in which gross and micro- 
scopic changes in liver, kidney, lung, heart, 
and frequently also in blood smears were suf- 
ficiently advanced to permit a clear cut diag- 
nosis. Cases in which the microscopic find- 
ings were merely suggestive of lymphoma but 
not definite were listed as preleukemic. 
Since the present e.xperimcnts were originally 
not designed to include observations on leu- 
kemia, the bioassay of suspected cases of ma- 
lignant lymphoid disease, which would have 
been desirable, was not made. Jlice showing 
merely hemopoiesis were grouped among the 
negatives. :iMicroscopic e.vamination showed 
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Voluntarily Ingested Sodium Chloride as a Lymphagogue in the Rat.*'i 

( 17494 ) 

William O. Reinhardt and Ben Bloom 
From the Department of Anatomy and Institute of Experimental Biology, Vniversity 

of California, Berkeley. 


In the course of studies on factors influenc- 
ing the rate of lymph flow, experiments were 
carried out to determine the effect of fasting, 
feeding, and alterations in electrolyte intake 
on the formation of thoracic duct lymph in 
the unanaesthetized rat. The results of these 
experiments indicate that the ingestion of 1% 
NaCl solution the fed animal causes an 
increase in rate of l\Ttiph flow which is out of 
proportion to that seen in control animals. 

Methods and Malcrtals. jNIale rats of the 
Long-Evans strain maintained under com- 
parable environmental conditions were pre- 
pared for lymph collection bj'- the method of 
Bollman, Cain and Grindlay.(l) This tech- 
nique involved the insertion of a plastic can- 
nula into the thoracic duct immediately caudal 
to the left crus of the diaphragm, at which 
point the cannula was tied in place, the de- 
liver}'^ end being drawn out through the 
abdominal wall. In these experiments, a 
ventral midline abdominal operative approach 
was employed. The rat was then placed in 
a cage(2) which permitted ad libitum food and 
fluid intake, but which restrained activity to 
the point of allowing collection of Ijmph 
samples in the unanaesthetized state. The 
animals were anaesthetized for the prepara- 
tion of the fistula by means of intraperitoneal 
administration of a 2% aqueous solution of 
sodium pentobarbital in the amount of 
7 mg/IOO g body weight. Following recovery 
from the anaesthetized state, the animals were 

* Assisted by grants from the Board of Research 
of the University of California and the National 
Heart Institute of the United States Public 
Health Service. 

i A portion of the experimental data was pre- 
sented at the meeting of the American Association 
of Anatomists at Pldladclphia in April, 1949, 

1. Bollman, .1. L., Cain, J. C., and Grindlay, 
J. U., J. tah. Clin. Med., 194S, v33. 1349. 

9. Bollman, .T. U., J. Lob. Clin. Med., J94S, 
v33, 1S4S. 


placed on free oral intake of the regular 
laboratory diet (XRO or were fasted as 
indicated. Each group of animals, as indicated 
in the tables, was given access to tap water 
or 1 % NaCl for drinking purposes. 

Results. The experimental results are pre- 
sented in Tables I and II. Table I presents 
the results of exTieriments showing the rate 
of hmph flow in the fasting and fed animals 
with free access to water, as compared with 
the rate of lymph flow in the fasted and fed 
animal given 1% NaCl for fluid intake, and, 
finally, the effect of alternation for 24-hour 
periods of water and \fo NaCl in the fed 
animal. It will be noted that lymph flow is 
least in the group of animals fasted and given 
access to water. Animals fed, with access to 
water, or fasted with oral intake of 1% NaCl 
produced comparable amounts of lymph as 
e.xpressed in ml of lymph per hour per 100 g 
bod}’’ weight. On the other hand, rats given 
access to both food and 1% NaCl for drinking 
purposes markedly increase their lymph flow 
to an amount 5-6 times the volume of that of 
the fed animal on water. The difference in 
rate of lymph flow is seen most markedly in 
the last group of animals in this table in which 
water and 1% NaCl were alternated for 24- 
hour periods. The output of lymph during 
the period on saline solution is markedly 
higher than is the output during water inges- 
tion. 

The increase in lymph flow produced by 
oral intake of NaCl increases with dura- 
tion of the experiment. Table II presents 
the average daih^ lymph volumes in a group 
of rats maintained on water and 1% NaCl 
in the fed state. It will be noted that the 
lymph flow in the animals maintained on 
water is maximal on the second day and falls 
off gradually, whereas the flow of lymph in 
the animals maintained on NaCl increases 
daily to an amount which e.xceeds 50% of 
the body weight of the animal. In one in- 
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offered: Anterior hypophyseal hormone by 
stimulating the adrenal cortex may cause a 
prolonged depletion and atrophy of the lym- 
phoid tissue. This ' atrophy may become a 
stimulus to or may represent a step in leuke- 
mogenes{s,(4-8) since malignant lymphoma 
is often preceded by atrophy of lymphoid 
tissue. The leukemogenic effect of the an- 
terior hypophyseal hormone is probably not 
due 'to increased output of estrogen by the 
adrenals, because the mammary glands of 
these castrates failed to develop cancer or 
marked acinar proliferation in contrast to con- 
ditions found in the castrates carrying 
ovarian grafts. (1) As to the formation of 
lymphomas by transplanted ovaries, the re- 
sults are in agreement with those obtained by 
the administration of estrogens in mice of 
various ages, (9) and maj"^ be attributed to the 
production of such hormones by the ovarian 
grafts. The increased incidence and the 
shortened latent period of lymphoma in mice 
bearing • hypophyseal grafts together with 
ovarian transplants seem to represent a cumu- 
lative effect of the two hormones given off 
by the grafts. Whether or not the mechanism 
by which estrogens produce lymphoid tumors 
is in any way connected with that initiated 
by anterior hypophyseal hormone or whether 
two different mechanisms are involved, is 


unknown. 

In the older age group, the incidence of 
lymphomas induced by anterior hypophysis 
fell to 10.7^. Thus the susceptibility to these 
neoplasms declined somewhat, as the age of 
the animal at the time of grafting advanced. 
However, the difference in the mean lym- 

~4. Gardner, tV, V., Doiigliertr, T. F., and AVil- 
li.ims, W. L., Caticcr lies.. 194-t, v4, 73. 

5. Dougliertr, T. F., and AVliite, A., Paoc. Soc. 
K.xp. Biou ASD Med., 1U43. vo3, 132, 

G. Moon, H. D., PRoc. Soc. Exp. Biol, and 


Mf.d., 1940, v43, 42. 

7. Murplir, d. B., 192G, Monographs of the 


tcVefelUr Just, for Med. Itcs. 

S Furtii, J., and Boon, M. C.. 1945, A.A.A.S. 
mecr Research Conference, 129. 

0 Silberberg. -M., and Silberberg, B., a. Arch, 
jth 1949. v47, 340; h. Arch. Path., 1949, v4S, 


phoma age in the two age groups (5.4 months) 
agrees closely with the difference in age at the 
time when the transplants were made (6 
months’ difference). The latent periods of 
tumor formation were thus similar in both 
series'. Of the castrates of the older age 
group carrying ovarian grafts 8% developed 
lymphoid tumors, and of those bearing ovaries 
together with anterior hypophysis I3.8fo had 
these neoplasms. However, these tumor in- 
cidences are probably not truly representative 
of the effects of these two types of grafts in 
the older age group: There was a decrease 
in the lymphoma incidence and a lowering of 
the lymphoma age, whereas one would expect 
the lower lymphoma incidence to be asso- 
ciated with a prolongation of the latent 
period. This apparent discrepancy may, 
however, be explained by the relatively early 
age at death of the mice in these two groups. 
The total incidence of malignant lymphoid 
tumors and the mean lymphoma age would 
probably have been higher if the animals of 
these groups had reached an older age. There 
was no obvious cause for the relatively short 
life spans of these mice particularly .since 
none of them developed mammary cancer. 
As to the possible role of an age factor it may 
be stated: However small the incidence of 
induced lyonphoma in the older age groups, 
it was still larger than the zero incidence of 
mammary cancers observed in the same mice. 

Conclusions. Mice of strain .'\ orchidecto- 
miaed before weaning and bearing grafts of 
anterior hypophysis, of ovaries, or of anterior 
hypophysis together with ovaries from the age 
of one month on, developed malignant b’m- 
phoid tumors. .Anterior hypophy'sis seems to 
e.xert its leukemogenic effect ( 1 ) through the 
ovaries and (2) independently of the grafted 
ovaries, possibly through the adrenal cortex. 
Transplantation of ovaries together with an- 
terior hypophysis resulted in the highest in- 
cidence of malignant lymphomas. The age 
factor plays in this type of leukemogenesis 
a less important role than in the production 
of mammary cancers by anterior hypophyseal 
and ovarian grafts. 

v72. 
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rates of thoracic duct lymph flow in un- 
anaesthetized male rats maintained under the 
experimental conditions of fasting and feeding, 
with free access to either water or 1% NaCl 
solution. 

2. Thoracic duct lymph flow is at a low 
level in the fasted animal wdth free access to 
water. The rate of flow is increased by feed- 
ing or access to 1 % NaCl solution. The rate 
of flow in the jcd animal with free access to 
1% NaCl is increased appreciably over that 


of the controls, and out of proportion to any 
hitherto employed method for voluntarily in- 
creasing IjTnph flow in the otherwise normal 
animal. In some instances, the lymph flow of 
the NaCl treated animal exceeded the bod}"^ 
weight of the animal in a 24-hour period. 

3. Alternation of periods of access to water 
and saline solution produced corresponding 
low and high rates of lymph flow in the fed 
animals. 

Received Sept. 27, 1949. P.S.E.B.II., 1949, v72. 


Specificity of Paper Partition Chromatography for Analysis of Free Amino 
Acids in Unhydrolyzed Urine.’^ (17495) 


H. K. DAXUS, G. B. hllDER, AND J. J. hlORTON 
From the Division of Cancer Research, Department of Surgery, the University of Rochester 
School of Medicine and Dentistry, Rochester, N. Y. 


The paper partition chromatographic tech- 
nique dexdsed by Consden, Gordon, and 
Martin(l) may be more specific for detecting 
free amino acids in urine than microbiological 
methods. The number of amino acids found 
by microbiological assay in unhydrolyzed 
urine excreted by normal human subjects is 
greater than the number detected by paper 
partition chromatography. 

Paper partition chromatography has been 
used to investigate the amino acids excreted 
in the urine by normal subjects and selected 
cancer patients. Aliquots of a 24-hour urine 
collection or of pooled samples obtained over 
a 5 or 6 daj' period were standardized by 
Kjeldahl analysis to contain either 10 mg of 
total nitrogen or by the Van Slyke ninhydrin 
method( 13,14) to contain 0.5 mg of a-amino 
nitrogen per milliliter. All samples were 
stored at 3°C under toluene. Aliquots re- 

* Funds to support this investigation were pro- 
vided by .a grant from tiie Donner Found.ation, Inc. 

1. Consden, E., Gordon, A. H., and Martin, 
A. .1. P., liiochcm. J., 1944, v3S, 224. 

13. Van Slyke, D. D., MacF.ayden, D. A., and 
Hamilton, P., J. Biot. Chem., 1941, vl41, C71. 

14. X an Slyke, D. D., Dillon, E. T., MacFayden, 
D. A., and Hamilton, P., J. Biot. Chem., 1941. vl41, 
C27. 


quiring concentration were lyophilized and 
re-diluted to the desired volume. Other 
aliquots w'ere hydrolyzed by boiling vith 
50% hydrochloric acid for 24 hours. After 
removal of the acid under reduced pressure, 
the hydrolysate was also standardized to con- 
tain 10 mg of total nitrogen per milliliter. 

Standardization of the urine permits com- 
parison of urine specimens from period to 
period and from patient to patient. The 
concentration selected yields chromatograms 
of satisfactory color intensity and insures de- 
tection of most of the amino acids present in 
the specimen. Concentration of normal 
urines to contain more than 40 mg of total 
nitrogen per milliliter prevents adequate sepa- 
ration since salts and other substances inter- 
fere. Removal of salt by common ion effect 
precipitation, impregnation of the filter paper 
and saturation of the solvents with salt has 
been unsatisfactory. 

A two-dimensional chromatogram on What- 
man No. 1 filter paper was prepared from each 
of the samples(l). One hundred microliters 
of the standardized solution w’ere applied 
to the paper, and 25 microliters of 30% 
hydrogen peroxide were superimposed on 
the spot to effect quantitative oxidation 
of cystine and methionine to cysteic add and 
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TABLE I. 

Effect of Tarying Food ainl Elnid Intake on Bate of Lymph Flow. 


Diet 

Fluid 

intake 

No. of 
rats 

Avg 

EW (g) 

Time of 
collection, 
(hr) 

Lymph 
flow (ml) 

Rate of flow 
(m!/hr/100 g) 

Easting 

Water 

4 

ICO*' 

20* 

11.4’- 

0.2G* 




(110-250) 

(lS-47) 

(7.3-18.6) 

(0.12-0.3S) 

y j 

J% NaCl 

G 

250 

25.5 

29 

0.4S 




(145-320) 

(22-30) 

(15-Gl) 

(0.1G-0.9S) 

Ecd 

Water 

4 

229 

105 

lOG 

0.44 




(212-240) 

(93-llS) 

(G4-1G3) 

(0.29-0.C2) 

) > 

1% XaQ 

3 

280 

124 

727 

2.45 




(170-315) 

(111-140) 

(C57-7S4) 

(1.98-3.29) 

J J 

1% NaCI 

9 

239 

52 

1G3 

1.45 




(1S3-3SC) 

(40-72) 

(137-302) 

(O.SS-2.2) 

Eedt 

Water 

0 

153 

43 

GO 

O.SG 




(130-16S) 

(20-72) 

(13-123) 

(0.39-1.21) 


1% K.iCl 



44 

2ir, 

3.3 



- 


(27-72) 

(57-457) 

(1.5-4.7) 

* AroTago value for tlie group. 

Figures in parentheses indicate ranges. 


i The animals in this group were maintained 

altcrnatelv 

for 24 hr periods 

on 1% XaCI 

solution and water ad !il>. 








TABLE II. 



Average Dailv Output of Lymph 

in Fed Rats Sfaintained on 

Orallv Ingested Water or 1% 




NaCl Solution. 








Avg vol. (ml) of lymph per 






consecutive day 

Fluid intake No. of rats 

AvgBW (g) 

i 

2 3 

4 5 

Water 


4 

229 

0 

31 27 

21 IS 

1% Naa 

3 

280 

28 

7G 125 

138 1S6 


stance (not recorded in table) 302 cc of 
lymph was collected in 23 hours from a rat 
weishing 145 g. 

Discussion. The experiments reported here 
indicate that the fluid intake of the rat rises 
remarkably in the presence of a lymph fistula, 
if the animal ingests added sodium chloride. 
The control rat tvith a thoracic duct fistula 
is apparently able to make up for the loss 
in nutrients and electrolytes by establishing 
a dietary and fluid intake which is satisfactory 
for the maintenance of a temporary equi- 
librium If, however, sodium chloride is 
„dded to the diet, the requirement for fluid 
intake rises considerably. The abrupt in- 
crease in intake of saline dnnkmg solution 
su-<^ests that the animal is vigorously attempt- 
LYto repair loss of fluids and electrolytes via 

the lymph fistula. 


It is well known that the intravenous injec- 
tion of large amounts of crystalloids will pro- 
duce an increased lymph flow from the thoracic 
duct. The explanation for this efi'ect(3) 
is that an hydremic plethora results, noth 
consequent lowering of plasma colloidal os- 
motic pressure and increased capillary hydro- 
static pressure. There is, then, a resultant 
loss of fluid to the tissue spaces, with conse- 
quent increase in lymph flow. This does not, 
however, explain the reason for the greatly 
increased voluntary intake of 1% XaCl solu- 
tion and resultant lymph output as seen in 
the e.xperiments cited here. 

Summary. 1. A comparison is made of the 

3. Evans, C. L., Frinciples of Unman Pht/si- 
ologp, £>th ed., p. CGI, 1915, J. & A. Ciiurchill, 
London. 
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TABLE I. 


Bree Amino Acids in Unhydrolyzcd Urine. 


Amino acid 


Methods 


r 

Paper partition chromatography 
^ \ 

10 mg total 34 mg total 

N per ml N per ml 

Microbiologic.al assay 
(4, 11, 12, 15) 

— alanine 

-U 


0 

> > 

— 

-i- 

0 

Arginine 

— 

— 

+ 

Cvstine 

-f 

+ 

t 

Glutamine 


+ 

— 

Glycine 


+ 

a_ 

Histidine 

4- 

+ 


Isoleucine 

, — 


4- 

Leucine 

— 


-f 

Lvsine 

— 

— 

-J- 

2tcthioninc 

— 

— 

4- 

Phenvlalanine 

— 


-r 

Prolinc 

— 

— 

-b 

Serine 


+ 

4- 

Threonine 

. — 

4“ 

+ 

Tryptophane 

— 

*■ 

+ 

Trrosine 

— 

~h 

+ 

Taline 

— 

+ 


Total No. 

6 

11 

15 


* May bo obscured by leucine. 

+ Ee’portcd as usually present. 

— Not reported as usually present. 
0 No information aTailable. 


Certain of the amino acids are excreted 
mainly in the combined form. Ninety-nine 
percent of aspartic acid, 90% of glutamic 
acid, 80% of proline, 11 fo of valine, and 71% 
of isoleucine, for exanaple, are knovrn to be 
excreted in the urine in peptide combination 
or as conjugates.f 15) More lysine, threonine, 
leucine, and arginine have also been found to 
be excreted in the bound form than in the 
free state. (12} Harr’ey and Horsvitt(6) con- 
cluded that not all of the free amino acid de- 
terminations by microbiological assay' yield 
valid results because of the inhibiting effect 
of urea and other substances in urine. 

-As the sensitivities of paper partition chrom- 
atography and microbiological assay are com- 
parable, (3, 8, 9) the discrepancy in results 
suggests that the microbiological procedure 
may detect other than free amino acids in 

0. Ilatvcy, C. C., aud Ilorwitt, M. K., Fed. Proc., 
tOtT, vG, "39. 

S. Porter, .T. I?., Jolm Wiley and Sons, Inc., New 
York, 194G, 773. 

9. Pr.att, J. J., Jr., and Auclair, J. L., Science, 
I94S. vlOS, 213. 


urine. Peptides or similar substances excre- 
ted in urine may not yield a color after re- 
action n-ith ninhydrin and hence are not de- 
tectable on chromatograms, but their com- 
ponent amino acids apparently are av'ailable 
to the micro-organisms. The growth-promo- 
ting action of certain peptides has been dem- 
onstrated with some strains of micro-organ- 
isms, (10) and utilization by' other strains may' 
yet be demonstrated. 

Simviary The number of free amino adds 
found in unhy'droly'zed urine by' paper parti- 
tion chromatography' is less than that indi- 
cated by microbiological assay. No discrep- 
ancy is apparent between the methods when 
hy'drolyzed urines are analyzed. As the sensi- 
tmlies of the two methods are comparable, 
it is suggested that microbiological techniques 
are not as specific as the chromatographic 
procedure for the detection of urinary amino 
acids in the uncombined state. 

10. Simmonds, S., and Fruton, J. S,, Science, 
1949, vl09, 5G1. 

Received October 4. 1949. P.S.E.B.M., 1949, v72. 
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methionine sulfone, respectively, ivhich ap- 
pear as discrete spots on the develop^ 
chromatogram. Without such conversion, 
cj'stine is destroyed and methionine is ob- 
scured by leucine, isoleucine, tryptophane, and 
phenylalanine. Phenol and a mi.vture of equal 
parts of y-collidine and 2,4-lutidine were the 
solvents regularly emploj'cd. 

Each spot on the chromatogram was out- 
lined in pencil as soon as possible after color 
had been developed with 0.1% triketo- 
hydrindene hydrate (ninhydrin) in n-butanol 
to insure that interpretation was complete 
before the color faded. The amino adds and 
peptides were identified after calculation of 
the Rp values, by comparison ivith a control 
sheet to which standardized solutions of the 
amino adds had been applied, or by reference 
to a map of the spots similar to the one pre- 
pared by Dent.(3) 

Other ninhj'drin-reacting substances than 
a-amino acids (7) have seldom been found 
in urine in sufficient concentration to cause 
confusion or interference. The identity of the 
spots which comprise the chromatogram is 
frequently verified to insure that known 
spots are not masking the presence of other 
substances. Glycine, for e.vample, may com- 
pletely obscure asparagine, and j8-alanine may 
conceal glutamine. Visual identification of 
certain spots may be difficult because of their 
close proximity and identical color as in the 
case of leucine, isoleucine, phenylalanine, and 
tryptophane. 

Chromatograms of standardized unhydro- 
lyzed urines from a number of normal sub- 
jects generally reveal the presence of alanine, 
cystine, glutamine, glycine, histidine, and 
serine. Three-fold concentration of an aliquot 
has revealed only /?-alanine, leucine, threonine, 
tyrosine, and valine in addition. Although 
<^lutamic acid may be present, it has been 
demonstrated in this laboratory that it repre- 
sents in part at least, the amide which has 
undergone hvdrolysis during storage or when 
exposed to the solvents during the run. Gluta- 
thione is also seen, as well as “over-glycine”. 


a Dent C E., Biochcm. 19iS, r43, ICP. 
?;?£erS./an'l Ste-.n,W. H., .. Etol. Cl, era., 

194S, vl76, 307. 


often called taurine in the literature. (3) 
Doubt exists that “over-glycine” is in fact 
taurine, however. The infra-red absorption 
spectrum obtained from a sample of "over- 
glycine” washed from undeveloped chromato- 
grams after localization differs from that of 
a standardized taurine solution. (5) 

Dent, utilizing the same technique, has re- 
ported that normal urines usually contain 
glycine and alanine. (2) Glutamic acid and 
valine occasionallj'^ appear, and a-amino-n- 
butyric acid, citrulline, histidine, leucine, 
serine, and tyrosine may be found. His speci- 
mens, however, were not standardized to con- 
stant nitrogen concentration and usually con- 
tained less a-amino nitrogen than the samples 
analj'zed in this investigation. 

Arginine, C 3 'stine, glycine, histidine, leucine, 
methionine, phenjdalanine, serine, threonine, 
tryptophane, tj'rosine, and valine are found 
regularly' by microbiological assajf in an al- 
legedly uncombined slate in the urine of nor- 
mal human subjects.(4, 11,12,15) Proline, 
lysine, and isoleucine are sometimes present, 
too. Aspartic acid is detected infrequently. 
Free glutamic acid is found only when pre- 
cautions have been inadequate for presen'a- 
tion of the specimens. (4) The amino acids 
detected in normal, unhydrolyzed urines by 
both methods are compared in Table I. 

Determination of the amino acids in hydro- 
lyzed urines by both microbiological and chro- 
matographic methods yields comparable re- 
sults. Whether measured microbiologically 
or chromatographically, hydrolj'sis results in 
an increase in the number and amount of 
amino acids over those found in the free state. 
(4,11,12,15,16) 

5. Fowler, R. C., and Davis, It. A., unpublished 
data. 

2. Dont, C. E., Biochan. J., 1947, v41, 240. 

4. Dunn, JI. S., Camicn, M. X., Shankuian, S., 
and Block, H., Arch. Biochem., 1947, vl3, 207. 

11. Steele, B. F., Sanberlich, H. E., Reynolds, 
M. S., and B.anmann, C. A., J. jS^vtrition, 1947, v33, 
209. 

12. Thompson, R. C., and Kirby, H. M., Arch. 
Biochem., 1949, v21, 210. 

15. Woodson, H. W., Hier, S. W., Solomon, J. D., 
and Ber^eini, O., A. Biol. Chcio.f 194S, vl^2, 013. 

16. Young, K. F., and Homburger, F.. Fed. 
Proc., 194S, v7, 201. 
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TABLE I. 


Protocol for Aspartic Acid Beaminase. 



Xo. 1, ml 

Xo. 2, ml 

Xo. 3, ml 

Xo. 4, ml 

Bacterial suspension in pH 4 H 
phosphate buffer 

0.5 

0.5 

0.5 

0.5 

(saturated) 

0.5 

— 

— 

— 

Aspartic acid* 

in XasPO^ (saturated) 

— 

0.5 

0.5 

0.3 

HoO 


1.0 

1.0 

— 

— 

Biotini 


— 

— 

1.0 

— 

Yeast extract} 


— 

— 

— 

1.0 

* 2CG mg dl-aspartic acid dissolved in 100 ml saturated ICa^PO^. 
dl-aspartic acid in the final reaction mixture, 
f 0.0001 7 or 0.001 y d-biotin/ml. 

} 0.1 mg or 1.0 mg yeast extract/ml. 

Calculated to give 0.005 AI 


TABLE n. 

f5ummary of Aspartic Acid Deaminase E.xperimcnts. 




pH of 
deaminase 
reaction 

Ammonia nitrogen formed 

Erp.lio. 

Organism* 

f 

Xo supple- 
ment, y 

Biotin, y 

Yeast 
extr., yi 

1 

Protcun vuJgaris 

7 

11.7 

15.8 

(0.001 7) 

15.1 

(Inig) 

2 

fi 11 

7 

7.0 

14.8 

(0.001 7) 

13.7 

(Img) 

3 

11 11 

7 

4.3 

15.9 

(0.001 7) 

17.3 

(Img) 

4 

11 11 

7 

2.3 

11.3 

(0.0001 7) 

2.3 

(0.1 mg) 

5 

11 ft 

7 

2.3 

IG.l 

(0.0001 7) 

(0.1 mg) 

C 

11 11 

4 

0.0 

0.0 

(0.001 7) 

0.0 

(Inig) 

7 

11 11 

4 

O.C 

O.G 

(0.001 7) 

0.0 

(Img) 

s 

M 11 

4 

0.1 

0.5 

(0.0001 7) 

1.0 

(0.1 mg) 

9 

Escherichia coli 
(Gratia) 

4 

0.0 

0,0 

(0.001 7) 

0.0 

(1.4 mg) 

10 

Eschenchia coH 
(Gratia) 

4 

3.0 

3.0 

(0.001 7) 

0.0 

(1.4 mg) 


_ ^ bacterial preparations were waslie<3 with water and inactivated br exposure for 30 

minutes at 37=0 to 11 pbospliate buffer of pH 4 except in experiments 7. 9’ and 10, wlicre in- 
activation was at 25=0, and in experiment 10, wbere in addition to inactivation at the lower 
temperature the cells also were unwashed. 

contains after vigorous acid hydrolysis prior to microbiological assay 

about O.OUl y of DlOtlD, 


unsuccessful. When the amounts of biotin 
and yeast e.xtract used to stimulate deamina- 
tion at pH 7 are titrated downward, contrati’ 
to Lichstein who worked at pH 4, biotin was 


found to be more active in the system than is 
an equivalent of biotin as it occurs in yeast 
extract. 

Despite the fact that inactivation of bac- 
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Lichstein and coworkers(l,2,3,4) have re- 
ported that the aspartic acid, serine, and thre- 
onine deaminase aciivitj’^ of certain bacteria 
may be inactivated by exposure of the cells 
for a short time to pH 4 in M phosphate 
buffer. In their experiments the deaminase 
activity of such inactivated cells could be 
restored with biotin. Subsequent investiga- 
te rs( 5) have been unable with biotin to re- 
store deaminase activity to bacterial cells 
similary treated and the fundamental obser- 
vation that biotin somehow functions in de- 
aminase activity has remained unconfirmed 
by any other group. Although certain dis- 
crepancies exist between the results obtained 
by Lichstein and those found in this labora- 
tory, the activation of treated cells with biotin 
under certain defined conditions has been ob- 
tained, thus furnishing corroborative evidence 
for the involvement of biotin in the bacterial 
deamination of certain amino adds. 


Procedure. Eighteen-hour cultures of the 
organisms used were obtained followng growth 
at 37 °C on a medium composed of 1% yeast 
extract (Difeo), 1% tryptone (Difeo), 0.5% 
disodium hydrogen phosphate, and 0.1% 
sodium formate. The medium was dispensed in 
100 ml quantities in 250 ml Erlenmeyer flasks. 
The pH before autoclaving at 120°C for 15 
minutes was 7.35. Following growth the organ- 
isms were centrifuged doum rapidly (Servall 
angle centrifuge, plastic cups), resuspended 
in SO ml of distilled water, and recentrifuged. 
The washed cells thus obtained were suspended 
in about 3 ml of M phosphate buffer of pH 4. 
Inactivation m'th respect to deaminase activity 


1. Lichstein, H. C., and XJmhreit, W. W., J. Biol. 
Chem., 1947, vl70, 423. 

2. Lichstein, H. C., and airistman, J. F., J. 
Biol. Chem., 1948, t175, C49. 

■ 3. Lichstein, H. C., J. Dial. Chem., 1949, t177, 

“l Lichstein, H. 0., J. Biol. Chem., 1949, t177, 

Axelrod, A. E., Hofmann, 
and Mayhall, M., J. Biol. Chem., 1948, vLo, 991. 


was accomplished on aliquots of this sus- 
pension. These aliquots were dispensed in 
open test tubes that usually were immersed 
in a water bath at 37°C. Thirty minutes was 
the usual inactivation time. Immediately 
following inactivation of the cells the deamin- 
ase reaction w'as carried out at 37 °C by 
appropriate additions to the same tubes. A 
protocol for deamination at pH 7 is given 
in Table I. When the deamination reaction 
was carried out at pH 4, M phosphate buffer 
of pH 4 replaced the Na 3 P 04 solution and 
w'as used also as a solvent for the aspartic 
acid emploj'ed. 

Follmving the deamination reaction at either 
pH enzymatic activity was stopped by the 
addition of 0.5 ml of 20% trichloroacetic acid 
to each tube. The tubes then were centrifuged 
until a complete]}' clear supernatant was ob- 
tained. Ammonia formed in each tube wms 
determined by adding to 2 ml of supernatant 
2 ml of 10% NaOH and 1 ml of Hessler’s 
reagent (gum ghatti stabilized). The color 
intensities were read in a Klett-Summerson 
colorimeter against a series of similarly pre- 
pared standard tubes of ammonium sulphate. 
The ammonia nitrogen found in tube 1 was 
subtracted from the results obtained in each 
other tube to give the ammonia nitrogen 
originating from the deamination of aspartic 
acid by the bacterial preparations used. 

Results. The results obtained in a series 
of experiments are summarized in Table 11. 
These data confirm those of Lichstein to the 
extent that they shmv that cells of Proteus 
vulgaris or Escherichia colt can be obtained 
with a reduced ability to deaminate aspartic 
acid and that when the deaminase reaction is 
run at pH 7, after inactivation of the cells at 
pH 4 in j\I phosphate buffer, activity can be 
restored by either biotin or yeast extract. 
Attempts at reactivating cells with biotin 
when the deaminase reaction was run at pH 4 
in M/2 phosphate buffer, such as described 
bj' Lichstein in his paper (3) demonstrating 
special activity for yeast e.vtract, have been 
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as determined colorimetricallj' by means of a 
photoelectric colorimeter with a 540 millimi- 
cron filter. The results were expressed in 
terms of the amount of dye bound by 400 mg 
of tissue, wet weight. In experiments -with 
ciA'stallized bovine plasma albumin (Armour) 
the protein was dissolved in lM/15 phosphate 
buffer, pH 7.4, and used in a concentration 
of 5 g per 100 ml. 

Tissues were denatured by the following 
methods (1) Heat; Tubes containing the 
tissue were placed in a bath of boiling water 
for 30 minutes; (2) Contact with urea in 
6 Molar final concentration for three hours; 
The urea mixtures were placed in cellophane 
bags 30 cm in length and dialysed against 
distilled water for 5 days at 5°C to remove 
the denaturing agent. Aliquots containing 
250 mg of tissue were used and the results 
were calculated on the basis of 400 mg .of 
tissue. The effect of the tissues on the bind- 
ing of PSP b\' albumin was determined by 
adding samples containing 400 mg of tissue 
to a mixture of 1.0 mg of PSP and 50 mg 
of albumin. The mixture was dialysed 
against M/15 phosphate buffer at pH 6.5. 
hI/15 phosphate buffer was used for control 
of pH in all e.xperiments and the pH of all 
solutions was determined with a glass 
electrode at the termination of each experi- 
ment. This buffer was found sufficient to 
maintain a constant pH during the course of 
the experiment. By mixing tissues with PSP 
and storing at 5°C for 48 hours with sampling 
at interx’als it was found that the tissues em- 
ployed did not cause a decrease in color of 
PSP. 

Rcsuits and Discussion. The binding 
ability of liver, kidney, spleen, testis, pancreas 
and serum for PSP is shoivn in Table I. All 
of the tissues were found to bind the dye, 
although usually less than serum did; the 
liver was the most active tissue and pancreas 
the least. There was found to be some varia- 
tion in the values obtained in the various 
e.xperiments although the relative status of 
the tissues between themselves was main- 
tained. The variation between the binding 
capacity of the liver of various rats was ap- 
proximately rt: 2390 . No doubt this varia- 
tion was due to the natural differences between 


T.A.BLE I. 

Binding of FSP by Native Tissues. 


Tissue 

Xo. of 

determinations 

Range, 

units 

.Serum 

C 

60-104 

Liver 

10 

30-S7.5 

Benal eortc.x 

5 

■20.8-64 

Renal medulla 

5 

29.4-60 

Spleen 

3 

18.4-78 

Testis 

G 

16.1-31.6 

Pancreas 

4 

S-30 


* Tlie units are raicrogrnins of dre bound bj 400 
mg of tissue or 0.4 ml of serum. 


TABLE n. 

Effect of Heat Denatnration on Binding of PSP 
by Serum and Tissues. 



Serum 

Liver 

Kidney 

Pancreas 

Hnlicated 

62 (4) 

65 (9) 

44(3) 

30 (3) 

Heated 

S (4) 

125 (9) 

75 (3) 

55 (3) 


Figures in brackets indicate the number of ani- 
mals tested. Average values are given for micro- 
grams of dye bound by 400 mg of tissue or 0.4 
ml of serum. 

the animals used. Denaturation of lit-er, 
kidney, and pancreas tissue proteins by beat 
or urea (Table II) resulted in a striking in- 
crease in the binding of PSP by all of these 
tissues. The increase in the binding by the 
liver tissue proteins denatured by both agents 
was of the same magnitude. In contrast to 
the tissues, denaturation of serum by heat 
markedly decreased its capacity for dye bind- 
ing, The effect of denaturation of rat tissue 
proteins on dye binding is similar to the results 
obtained with egg albumin. These facts 
suggest that, in the denaturation process, 
either more foci of attachment for the PSP 
are opened in the binding proteins, as is the 
case with egg albumin, or that hitherto inactive 
proteins have become capable of binding. 

When homogenates of native liver, kidney 
or pancreas were added to bovine albumin 
(Fig, 1) the binding of PSP was much less 
than the arithmetic sum of the dye bound 
by albumin alone plus the dye bound by the 
tissues alone. On the other hand no such de- 
crease of binding was obserx'ed when heat- 
denatured tissue homogenates were added 
to bovine albumin; the mixture bound nearly 
as much PSP as the proteins did when tested 
separately. This experiment is interpreted as 
indicating that binding occurred between the 
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terial deaminase by exposure to molar phos- 
phate buffer at pH 4 is not yet understood, 
is not always consistent, and doubtlessly is 
influenced by a variety of factors, these data 
afford confirmation that biotin somehow is 
concerned in activation of the system. Further 
study of the variables involved during inactiva- 
tion and reactivation of the deaminase system 
is indicated before final conclusions can be 


drawn concerning the significance of biotin in 
these reactions. 

Summary. Inactivation of bacterial aspar- 
tic acid deaminase activity by exposure of cells 
to pH 4 M phosphate buffer and its reactiva- 
tion with biotin has been confirmed. 

Keccived October 6, 1949. 1949, v79. 
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The present experiments were conducted 
to study (1) the binding of the organic 
anionic dye phenolsulfonephthalein (PSP) by 
homogenates of several tissues of the rat; 
(2) the effect of denaturation of tissue proteins 
on this binding; and (3) the competitive 
effect of native and denatured tissues on the 
binding of PSP by crystallized bovine plasma 
albumin. It has been preidously established 
that certain proteins can form complexes with 
organic anions on both the acid and basic 
side of the isoelectric point.. De Haan(l) 
and Marshall and Vickers(2) demonstrated 
that the anion PSP was bound appreciably by 
serum proteins and Grollman(3) showed that 
at the pH of normal blood the binding was 
primarily by serum albumin, the globulins 
binding very little dye. Klotz and Urqu- 
hart(4) showed that anions are also bound 
to ^-lactoglobulin, hemocyanin and a-s 
globulin, although to a much smaller extent 
than occurs with serum albumin. Ohta(5) 
working irith tissue brei preparations pre- 


* Tliis investigation was suiiiiorted by grants 
from Jlr. Sewell L. Avery, from the American 
Cancer Society recommended by the Committee 
on Growth of the N.itional Kesenreh Council, 
and from the Committee for Eesoarch in Problems 
of Sev of the National Kcsearch Council. 

1 DeHaan, X, X Pi-vsioh, v5G 444. 

2. Marshall, E. K., X., and Vickers, J. X., UiiU. 
Johns Jloyk-ins Hosp., 191.’3, v34, 1. 

■ 3. Grollman, A., X Biol. Chem., 19-a, vG4. 141. 


sented evidence that both anionic and cationic 
dyes were adsorbed by tissue proteins. 
Denaturation of serum albumin by heat(6,7) 
or urea (7) abolishes the binding capacity for 
oleate and methyl orange anions. A different 
effect occurs with egg albumin in that heat 
denaturation increases the binding of alkyl- 
benzenesulfonate detergents(8) and methyl 
orange. (7) 

Experimental. Albino rats were exsanguin- 
ated by cardiac puncture or decapitation and 
weighed samples of the tissues were homogen- 
ized for appro.ximately two minutes in M/15 
phosphate buffer, pH 6.5. In the experi- 
ments, measured volumes containing 250- 
500 mg of the original tissue together with 
1.0 ml of a solution of PSP in phosphate 
buffer pH 7 were placed in a cellophane bag 
15 cm long and 1.5 cm in diameter. The 
samples were dialyzed at S^C against M/15 
phosphate buffer pH 6.5 in flasks which were 
slowly rotated for 40 hours to reach equili- 
brium; the total volume of the sj'stem was 
100 ml. The bound PSP was calculated from 
the concentration of free PSP in the dialysate 

i. Klotz, I. M., .111(1 Urqulinrt, J. M., X -Im. 
Chem. Soe.. 1949, v71, 1597. 

5. Ohtn, K., Jap. J. Gastroenterol., 1933. v5, 113. 

C. E.ivis, B, D., Am. Scientist, 194C, v34, Gil. 

7. Klotz, I. M., Triwush, H., .mil Walker, F. M., 

J. Am. Chem. Soc., 1P4S, v70. 2933. 

S. Ltmdgrcn, H. P., El.am, E. W., ami O 'Comifll, 
n. A., J. Biol. Chem., 1943, vl4.9, 183. 
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diseases thought to be caused by herpes 
simplex such as KapKisi’s Varicelliform Erup- 
tion, (3) dendritic ulcers of the comea(4) 
and herpetic stoiuatitis(5) are being reported 
in increasing numbers. Because of the 
effectiveness of aureomycin against the larger 
siruses and the optimistic clinical reports 
against herpes simplex infections it seemed 
important to determine the in vitro effects 
of this antibiotic on the herpes simplex virus 
and to ev»aluate its in vivo action under the 
most favorable possible conditions in embry'O- 
nated chick eggs. 

Method and Materials. The toxicity of 
aureomycin was determined in chick embrj'os 
10 to 12 days of age ■which averaged 50 g in 
weight. The eggs were prepared by the false 
air sac technique, (6) and the indiiddual 
aureomj'cin dose dissolved in 0.2 ml of gelatin 
saline solution, was .inoculated onto the 
“dropped” chorioallantois. The eggs were 
incubated at96°F and 76% relative humidity. 
They were candled at least twice daily and 
death of the embrj'o was used as the end 
point. All dead eggs were cultured in Brewer 
thioglycollate medium for possible bacterial 
contamination. For drug controls penicillin 
in a concentration of 500 units/ml was used in 
some experiments and inactivated aureomj'- 
cin in others. The aureomycin control was 
prepared by heating aureomycin at 56°C for 
5 days, and ■n'as sho'wn by bioassay to contain 
less than 0.1% of its original actimtj'. Two 
lots of aureomycin were used. The first 
series of e.vperiments was performed -with 
batch A (Lederle lot No. unkno'wn) and the 
later series -with batch B (Lederle lot No. 
7-9022B). 

The virus used . was egg adapted in this 
laboratory from the HF Rockefeller strain by 
129 serial passages on the chorioallantoic 
membrane. The inoculum for each experiment 

3. Baer, R. L., and Miller, O. B., J. Invest. 
Verm., 1949, vl3, 5. 

i. Braley, A. E., and Sanders, M., Ann. X. Y. 
Acad. Set, 1948, vol, 280. 

5. Fisher, A. A,, and Schvrartz, S., J. Invest, 
perm., 1949, t13, 51. 

C. Scott, T. F. McNair, American Public Health 
Association, Diagnostic Procedures for Virus and 
PicJ:cttsial Diseases, p. 243, 1948. 


was prepared from x'irus maintained in this 
laboratorj' bj' frequent passage. Different 
passages, each of which had a titer of appro.xi- 
mately ICF infectious units per ml were used 
for each e.xperiment. This strain of virus 
when properly diluted kills 95-100% of the 
chick embrj'os between the 69th and 90th 
hours. Embrj'os which died -with virus plus 
drug were subcultured in other eggs to estab- 
lish the presence of x'irus. 

The in vitro effect was determined by mix- 
ing the drug and 10% suspensions of the in- 
fected membranes; incubating at room 
temperature for 4 hours; diluting the mixture 
sufftcientlj' to obi'iate any in vivo effect; and 
injecting the inoculum onto the chorioallantoic 
membrane. Penicillin (500 units/ml) which 
had prewoualj' been sho'wn to have no 
■virucidal action was used as control.(7) To 
determine an in vivo effect one experiment was 
performed in which the x'irus and drug were 
inoculated into the yolk sac, the virus follow- 

PERCcHTASE 0" SuaVlVAL OF E>/B=?0;;iTED EGGS 



Tbe tosScity of aureomycin and penicillin for 
embryonatod eggs. The drug -n-as inoculated onto 
the chorioallantoic membrane and death vrithin 60 
hours •was taken as end point, ifost points are the 
results from 24 or more eggs. 

7. Coriell, E. Is., Blank, H., and Scott, T. F, M., 
J. Lah. Clin. Ued., 1949, t34, 402. 
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I'm. 1. 

Efiect of adding native, and licat denatured, 
liomogcnized tissue on the binding of plicnolsul- 
fonephthaloin by .crystallized bovine plasma al- 
bumin, 50 mg. 

tissue proteins with the albumin molecule 
thus decreasing the available points of at- 
tachment for PSP in the system while heat 
denaturation of the tissue proteins decreased 


their attraction for albumin increasing the 
amount of dye anions bound bt'' the mixture. 

Summary. I. Tissue proteins are capable 
of binding the anionic dye, phenolsulfoneph- 
thalein, in small amounts. All of the tissues 
examined bound less of the dye than did serum 
and different tissues appear to have different 
capabilities in this respect. Of the tissues 
itested liver bound most and pancreas least. 

2. Denaturation of tissue proteins by heat 
or urea materially increased the ability of the 
tissue protein to bind the d 3 'e. 

3. Native tissue proteins of the rat con- 
siderably decreased the binding of phenol- 
sulfonephthalein by crystallized bovine albu- 
min; this property was abolished by' heat 
denaturation of the tissue proteins. 

Kceeivcd October 11, 1910. P.S.E.B.M., 1.919, v72. 


Effect of Aureomycin on the Herpes Simplex Virus in Embryonated 

Eggs* (17498) 


G. Douglas Baldridge and Harvey Blank (With the technical assistance of Ben 
Kaneda). (Introduced by Werner Henie). 

From ilte Children’s Hospital of FlnlndclpMa and the Departments of Dermatology and 
Pediatrics, Vniversity of Pcnnsylvamn, School of Hedicinc, Philadelphia, Pa. 


Aureomycin was shown by Wong and Cox 
to have marked therapeutic activity against 
the viruses of the psittacosis-ljonphogranu- 
loma group.(l) They demonstrated that 
49 of 55 treated chick embryos survived 
experimental infection with psittacosis through 
the 13th day, contrasted with surv'ival of only 
3 of 57 control embrj'os. These results were 
found to be essentially true for the other 


» Till.? work w.ns supported by .v grant from tlie 
.S Public Healtb Service. 

The aureomycin used ia this study was supplied 
y Lcdorle Laboratories Division of American 
yanamid Company, Kew York City. 

Muck of the prelirainary irork incident to tins 
tudy was done by Dr. Lewis L. Coriell. 

The activitr levels for inactivated aureomycin 
lerc performed by Dr. Coleman 
1. Wong, S. C., .and Co.v, H. E., Ann. A. Y. 

Icadeniy Sci., 19tS, v51, 290. 


members of the psittacosis-lymphogranuloma 
group (lymphogranuloma venereum, psitta- 
cosis, SF strain human pneumonitis, mouse 
pneumonitis, feline pneumonitis, and meningo- 
pneumonitis F97 strain) as well as for the 
rickettsiae. In contrast with the marked 
activity in vivo, they conclude that the drug 
had no in vitro effect against these agents. 
Harned ct al., in a study on the acute toxicity 
of intravenously administered aureomycin 
hydrochloride for several laboratory animals, 
found the LDSO for the drug to be 134 
mg/kg for mice and 118 mg/kg for rats.(2) 
Clinical accounts of successful treatment of 


2. IXarned, B. K., Cunningham, K. W.. Clark, 
M. C., Cosgrove, K., Bine, C. IX., McCauley, M. J., 
btokoy, E., Yesscy, XI. E., Yud.a, A'. -V-, ond 
bubbaRow, Y., Ann. .V. Y. Acad. Sa., I.O-l.S, vol, 
182. 




ACTH Therapy ix Disseminated Lupus Erythematosus 


563 


the second batch of aureomycin. Under the 
experimental conditions, aureomycin in- 
activated by heat, and penicillin were non-tox- 
ic. The LDSO of the least toxic lot of aureo- 
mycin for the chick embryo xvas 20 mg/kg. 
The ill vitro effect of aureomycin on the 
herpes simplex virus is shown in Table I. 
The drug apparently has no in vitro action on 
the virus, under the conditions of the present 
experiments. The in vivo effect of aureomycin 
on the herpes simplex xdrus is shown in Table 
II. Because of the difference in toxicity 
and a possible difference in acthity in the two 
lots of aureomycin, the results with each 
lot are recorded separately. There seems to 
be little difference in the effectiveness of the 
two lots of drug. Although in some of the 
dilutions small differences occurred behveen 
the controls and the drug treated embryos, at 
the critical dilutions with moderately large 


doses of drug and small amounts of \irus there 
is no significant increased sundval of aureo- 
mycin treated eggs. Analysis of the data also 
failed to show any significant delay in time of 
death of treated infected egp. 

Conclusions. (1) Aureomycin appears to 
be more toxic for the chick embryo than for 
most other laboratory animals. (2) There 
seemed to be'a significant difference in toxicity 
between the 2 lots of aureomjxin used. In- 
cubation of aureomyxin at 56°C for five days 
destroys the embryo-toxic principle as well as 
its antibiotic activity. (3) Aureomycin has 
no in vitro activity' against herpes simplex 
virus. (4) As compared with its activity 
against the larger viruses, no similar in vivo 
effect against herpes simplex virus could be 
demonstrated. 


Beccivcd October 17, 1949. P.S.E.B.M., 1949, v72. 


Remission of Disseminated Lupus Erythematosus Induced by Adreno- 

corticotropin.* (17499) 

Arthur W. Grace .axo Frank C. Combes 

From the Department oj Dermatology and Syphilology, Long Island College of itedidne, and 
yew York Vniversity-Bcllevuc Medical Center. 


This report describes the effect of pituitary 
adrenocorticotropic hormone (.\CTH) in 
inducing 3 temporary dramatic remissions in 
2 patients with classic disseminated lupus 
erythematosus. There was a virtually com- 
plete clinical remission while the .\CTH was 
being administered. A description of this 
phenomenon has not been previously pub- 
lished. 

Case I: .A.F., a 36-year-old white house- 
wife was admitted complaining of fever, weak- 
ness, weight loss, and arthralgia of 9 months' 
duration. She appeared acutely ill, with a 
daily temperature of 101 °F. There were 
erythematous, scaly plaques on both cheeks 
which also showed telangiectatic vessels and 
areas of atrophy. The eruption, in addition, 

‘ The assistance and cooperation o£ Dr, Dale 
Dolierty and Dr. S. Biloon in tlie clinical study of 
these cases is appreciated. 


involved the forehead, chin, ears, scalp, arms 
and legs. Scalp and pubic hair were sparse. 
There was a soft, blowing, sy'stolic murmur 
over the 4th left intercostal space. The spleen 
was not palpable. Examination of the blood 
showed anemia, leukopenia, thromboev'topenia 
and an elevation of the sedimentation rate; 
protein and microscopic collections of red 
blood cells were constantly present in the 
urine. A section of the inv'olved skin of the 
face showed changes usually seen in dis- 
seminated lupus erythematosus. 

Beginning May 24, 1949, 150 mg of ACTH 
was injected intramuscularly in 6 divided doses 
daily for 3 days when they had to be stopped 
because further supplies of this scarce hormone 
were unavailable. 

A remarkable change in the patient's con- 
dition was apparent within 12 hours after the 
injections were started. She appeared more 
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ing the drug by 30 minutes. To detect 
minimal effects and insure maximal contact of 
drug with virus, additional experiments were 
done on the chorioallantoic membrane with 
the technique of inoculation as described in 
the toxicity studies. In one experiment the 
virus preceded the drug but in the others the 
dru<^ was inoculated 30 minutes before the 
virus In addition, in several experiments the 
drug was reinoculated at 12-hour intervals 
for a total of 3 or 6 doses. 

Results. The to.xicity of aureom>xin for 
embryonated eggs is indicated m Fig. 1. The 
two itches of aureomycin, which were ob- 
mined at different times showed an appreciable 

o In tovicitv Because of this, ex- 
difference m tOMcii> lirwr 

• ante tn determine the effect ot tne larger 

5:'sSr*:S-,uWn.lb.rep«.,ed.iU. 
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likely that the hormones only inhibit or mask 
the peripheral manifestations of rheumatoid 
arthritis, rheumatic fever, lupus erythematosus 
and psoriasis and do not affect the underlying 
causative disease mechanism, since a clinical 
relapse usually occurs promptly after cessa- 
tion of hormone treatment. (2, 4) In acute 
gouty arthritis, on the contrar_v, ACTH ap- 
parently completely aborts the acute 
atta(±.(l) 

There are none of the usual signs or symp- 
toms of adrenal insufficiency in the diseases 
benentted by ACTH or Compound E and it 
is unlikely that the hormones act as sub- 
stitution therapy for a deficiency. The e.v- 
pected change in the ketosteroids, eosinophils, 
lymphocytes, and total white count is evidence 
for adequate adrenal cortical function.(6) 
A “pharmacologic” e.vtension of the usual 
phj’siologic properties of the hormones ma}' be 
responsible for their action. In this con- 
nection, it is interesting to note the similarities 
between the effects produced fa}'' the salicylates 
and the adrenal hormone. Both groups of 
compounds lower fever and sedimentation 

C. Forsliam, I>. H., Thorn, G. W., Prunty, 
T. T. G., .nnd Hills, .A, G., J. Clin. Endocrin., 1948, 
r8, 15. 


rate, inhibit hyaluronidase,{7,8) cause hyper- 
glycemia, (6,8) increase uric acid e.\'cre- 
tion(9,10) and are local anesthetics. (8,11) In 
addition, the salicylates and the adrenal 
hormones are both effective in rheumatoid 
arthritis and lupus erythematosus. (8) 

Summary. Two patients with classical dis- 
seminated lupus erythematosus were given 
three separate courses of injections of adreno- 
corticotropic hormone (ACTH). In each 
case, there was temporary, striking clinical 
improvement and fading of the skin lesions, 
accompanied by the e.vpected signs of in- 
creased adrenal cortical activity. These re- 
sults suggest that continued administration 
of -ACTH or Compound E may be of benefit 
in lupus erythematosus. 

7. Opsahl, J. C., rale J. Siol. Med., 1949, t21, 
487. 

8. Gross, Jf., and Greenberg, L. A., The Sali- 
cylates, Hillliouse Press, New Haven, 1948. 

9. Heilman, L., Weston, R. E., Eselicr, D., and 
Loiter, L., Fed. Froc., 1948, v7, 52. 

10. Friedman, M., and Byers, 0., Am. J. 
Physiol., 1948, vl54, 1C7. 

11. Selye, H., Tcxtbool: of Endocrinology, Acta 
Endocrinologic.n, Montre.')!, 1947. 

Received October 17, 1949. P.S.E.B.M., 1949, vr2. 


A Test of Triazolopyrimidines on Mouse Sarcoma 180. (17500) 

C. Chester Stock, Liebe F. Cavaeieri, George H. Hitchings and Sonja IM. 

Buckley 

From the Sloan-Kcltering Institute for Cancer Research, .Vcw York City, and the Wellcome 
Research Laboratories, Tuckahoc. X. Y. 


For nearly two years the major portion of 
a cancer chemotherapy program(l) has been 
devoted to a study of compounds that might 

* Tills rese.'ircli was supported by funds from a 
pr.-int of tlie American C.aiiccr Society to tlie 
Memoria] Hospital and from the Charles F. 
Kettering Foundation to the 'WeUcomo Research 
Laboratories. 

1. Stock, C. C., and Rhoads, C. P,, Presented 
Kew York Academy of itedicine, March 2G, 1948, 
Evaluation of Chemotherapeutic Agents, Columbia 
Press, New York, 1949. 


serve as anti-metabolites to nucleic acid com- 
ponents. The studies were stimulated by the 
development of knowledge concerning the 
effects of anti-metabolites in bacteria and 

2. pfoods, D. D., Erit. J. 'Exp. Path., 194oj 
v21, 74. 

3. Woolcy, D. W., Science, 1944, vlOO, 579. 

4. Hitchings, G. H., ct nl.. Science, 1945, vl02, 
251; .T. Biol. Chem., 1948, vl74, 7C5. 

5. Franklin, A. L., ct al., J. Biol. Chem., 1947, 
vlC9, 427; Pnoc. Soc. Exp. Biol, .vsn Med., 
1948, vC7, 398. 
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alert, sat up in bed and expressed a desire for 
food for the first time in months. The 
arthralgia and myalgia disappeared. Within 
24 hours, the temperature returned to normal 
and remained so as long as the hormone was 
given. The skin lesions began to fade and 
had almost disappeared by the 7th day after 
ACTH was started. The improvement in the 
appearance of the skin lesions continued for 
several days after the hormone was stopped, 
although the temperature was elevated on the 
day after ACTH was discontinued; thereafter 
the patient gradually relapsed into the clinical 
condition described before treatment was in- 
stituted. During the period of administration 
of ACTH, the eosinophils disappeared from 
the peripheral blood, the leukoc 3 de count in- 
creased from 6,000 to 11,000, and the lympho- 
cytes dropped from 48% to 23%. There was 
no appreciable change in the sedimentation 
rate or urinary findings. The urinary 17- 
ketosteroids increased from 5.2 mg to 27 mg. 
By June 11th the patient was irrational and 
appeared moribund. On the following day 
150 mg of ACTH was again given daily and 
maintained for 3 days during which the skin 
lesions began to fade, she became rational, 
fever was partly controlled and appetite re- 
turned. On June 15th, when the supply o! 
ACTH was exhausted, she again became ir- 
rational and died 4 days later. 

Case II: S.P., a 30-year-old white house- 
wife was admitted complaining of swollen 
joints and an eruption on the face of 6 months 
duration. The eruption was made worse 
by exposure to sunlight. The classical ery- 
thematous lesions were present upon the face; 
warm, painful swellings existed over the wrists 
and metacarpophalangeal joints of both hands 
and there was a daily rise of temperature to 
lOl^F. The spleen was moderatel}' enlarged, 
hlarked weakness of the upper and lower 
extremities was regarded by a neurological 
consultant as the result of peripheral neuritis. 
E-xamination of the blood showed anemia, 
leukopenia and an elevation of the sedimenta- 
tion rate. There was only an occasional trace 
of protein in the urine from which porphyrin 
was also absent. The histopathologic picture 
of the erythematous skin was that usually seen 
in disseminated lupus erythematosus. 


Be^nning June S, 1949, 100 mg of ACTH 
was injected intramuscularly in 4 dirided 
doses daily for 5 days. Striking improve- 
ment followed and was manifested by dis- 
appearance of the swelling and pain in the 
wrists and joints of the hands, the fading of 
the skin lesions, diminution in size of the 
spleen, increase in muscular strength of the 
upper and lower e.xtremities, return of 
temperature and appetite to normal; in addi- 
tion, the eosinophils disappeared from the 
peripheral blood, the leukocyte count rose 
from 5,600 to 12,400 and the sedimentation 
rate returned to normal. Within 2 days after 
ACTH was discontinued the temperature 
began to rise, and 5 days later, there was a 
clim’cal relapse. 

Discussion. After the first published 
demonstrations (1,2) that adrenal cortical 
activity induced either by administration of 
ACTH or the synthetic adrenal cortical 
steroid, 1 7-hydro.\y-l 1 -dehydrocorticosterone 
(Compound E of Kendall) was effective in 
alleviating acute nonbacterial arthritis, it 
appeared desirable to test these hormones in 
other members of the group of so-called 
“collagen diseases”(3) that also e.xhibit arth- 
ritis as part of the clinical picture. The 
effectiveness of Compound E in acute rheu- 
matic fever has already been reported. (4) 
In addition, not only the arthritis, but 
cutaneous lesions of psoriasis disappear after 
the administration of ACTH (5) and return 
upon its discontinuance. 

The temporary remissions induced by 5 
da 3 ’s administration of ACTH represent an 
unequivocal, dramatic improvement in the 
course of a progressive, usuallj' fatal disease. 
There is reason to expect that the continued 
administration of ACTH or Compound E 
would prolong the remission. It appears 

1. Heilman, h., Science, 1949, rl09, 2S0. 

2. Hencli, P. S., Kcnanll, E. C., Slocumb, C. II., 
.md Policy, H. F., J’roc. Staff Meet. Mayo Clin., 
1949, v24, 181. 

3. Klemperer, P., Ann. Int. Med., I94S, r2S, I. 

4. Hcnch, P. S., Slocumb, C. H., Barnes, A. E., 
Smith, H. L., PoUey, H. F., and Kendall, E. C., 
Froc. Staff Meet. Mayo Clin., 1949, t24, 2TT. 

5. Grace, A. W., and Combes, F. C., unpabllshcd 
results. 
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TABLE I. 


Bcsults \vUli Triazolopyrnuidmes Tcstcil Against Sarcow.v ISO. 


8KKo. 

/ 

K.ome 

Dose. 

mg/K/day 

!so. of 
iniee* 

Ko. of 
deaths 

Tumor i 
inhibition 

1054 

5,7-diaTniDO-l-v-tri!izolo 

(d)pyrimidine 

250 

20 

9 

— ^ to 

1059 

5-liydroxj'-7-ainino-l-v-trinzolo 

(d)pyriinidinc 

100 

15 

8 


1149 

5,7-diliydroxy-l-v-triazoIo 
(d) pyrimidine 

1.500 

15 

S 

— to ± 

1150 

5-amino-7 -hydroxy -l-v-trinznlo 
(d)pyrimidinc 

250 

35 

7 

— to± 

1315 

7-aniino-l-v-triazolo 

(d)pyriniidinc 

12.5 

35 

23 

— to :i: 


* A total of AlO treated animals were nsed in test groups of 5 mice each. Data for only the 
highest doses are tnhnlated. Tlie remainder of the mice were tested at lower levels of the com- 
pounds as follows : SK 1054, 12S-200 mg/K/day, CO mice: SIC 1059, 16-70 mg. 65 mice: SK 
1149, 500-1000 mg, 55 mice; SK 1150. 64-200 mg, 85 mice; SK 1315. 63-100 mg. 25 mice. Two 
or more preparations of e.ich compound were used. 

t The grading of tumor inhibition is described in the section on Materials and Methods. 


64-150 mg/K/day, were higher and initiated 
earlier (24 hours after tumor implantation) 
than in the e-yperiments with adenocarcinoma 
EO 771 reported elsewhere. The preparations 
of 8-azaguanine varied in purity from one con- 
taining 40% of the guanine analog and 60% 
of the xanthine analog to several containing 
only one component as judged by a paper 
chromatogram.t The tumor inhibitory ef- 
fects with the several samples of 8-azaguanine 
tested at 200 and 250 mg/K/day are con- 
sidered insignificant because thej' were ob- 
tained at lethal levels. The analogs of iso- 
guanine, 2,6-diaminopurine, adenine and xan- 
thine also showed inconsistent inhibitory ef- 
fects but only at lethal levels. 

The failure of 8-azaguanine to inhibit se- 
lectively the growth of Sarcoma 180 is incon- 
sistent with the concept that tumor cells in 
general possess a guanine metabolism com- 
parable to that demonstrated for tetrahym- 
ena.(15) Sarcoma 180 would appear to be the 
first exception to the stated concept of “uni- 
formity of various cancer tissues with respect 
to guanine metabolism”. (15) The difficulties 

t lYe arc indebted to Dr. Aaron Bendicli of the 
Protein Ciiemistry Division of Sloan-Kettering 
Institute for this auaivsis. 


in generalizations concerning purine metabo- 
lism are further demonstrated by the observa- 
tion(17) that with C 57 black mice bearing 
adenocarcinoma EO 771 there is an incorpora- 
tion of guanine into nucleic acids of both nor- 
mal and tumor tissue whereas in normal rats 
no significant incorporation has been ob- 
served. ( 6,7 ) 

Regardless of the negative results obtained 
with S-azaguanine against Sarcoma 180, it 
has been considered essential to test the com- 
pound in a spectrum of tumors. The results 
of these tests to be reported shortly(18) will 
reveal whether Sarcoma 180 possesses a metab- 
olism unique among tumors with respect to 
guanine or merely represents a difference in 
response of Sarcoma 180 and mammary ad- 
enocarcinoma EO 771 to certain compounds 
such as found previously with folic acid ana- 
log3.(13) 

Sjinniiary. S-Azaguanine and 4 other tri- 
azoiopyrimidines at tolerated doses were with- 
out inhibitorv- effect on Sarcoma 180. 

17. Brown, G. B., et of., Paoc. Soc. Exp. Biol. 
AND Med.. 1949, v72, 501, 

18. Sugiur.i, K., et at.. Cancer Sescarch, in press. 

Received October 17. 1949. P.S.E.B.M., 1949, t72. 
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animaIs(2-5) and the increasing informa- 
tion regarding details of nucleic acid meta- 
bolism. (6-8) Approximately 25 purines, 200 
pyrimidines, 50 pteridines, 40 folic acid 
analogs and nunierous miscellaneous hetero- 
cyclic compounds have been subjected to test. 
Among the compounds found to be most active 
in this program are those with anti-folic acid 
actmty(9) and 2,6-diaminopurine(10) for the 
prolongation of survival of leukemic mice and 
some folic acid analogs for the inhibition of 
Sarcoma 180 and a few other tumors. (11-13) 
Compounds showing less inhibition of Sar- 
coma 180 in repeated tests have been found 
in each of the categories mentioned above. The 
reproducible, weak effects have been of interest 
in pro\'iding leads for study of related com- 
pounds. 

A number of triazolo[d]pj’Timidines (8-aza- 
purines) ( 14) were among those which failed 
to show a satisfactory inhibitorj' effect in tol- 
erated amounts against Sarcoma 180. The 
recent report(lS) of the inhibitor}^ action of 
8-azaguanine ( 5-amino-7-hydro.xy-l-v-triazoIo 
[d] pyrimidine), also referred to as “guana- 
zolo,” on mouse mammarj'- adenocarcinoma 
EO 771, on spontaneous mammarj' cancer in 
C3H mice, and on lymphoid leukemia in strain 
A mice redirected attention to our findings. 
The action of the guanine analog was inter- 
preted by Kidder as indicating a similarity 
in guanine metabolism between Tctraliyincna 
gdil and neoplastic tissues and, a “uniformity 
of various cancer tissues ndth respect to guan- 
ine metabolism”. (15) An e.\-tension of our e.x- 


6. Plentl, A. A., and Sclioenlicimer, R., J. B\ol. 
Chem., 1944, vl53, 203. 

7. Brown, G. B., Boll, P. M., Plnitl, A. A., .and 
Cavalieri, L. F., J. Biol. Chcm., 1948, vl72, 469. 

8. Kuelcic Acids and Xucleoproteiiis, Cold 
Spring Sgjnposifi on Qiiantiioiivc Bioloclp^ XII, 
1947. 

9. Burclien-ol, J. H., ct al, Cancer, 1949, v2, 113. 

10. Burclieual, ,T. H., ct al, Cancer. 1949, v2, 119. 

11. Moore, A. E., ct al, Proc. Soc. Exp. Biol. 
jiXD Mm, 1049, t70, 39C. 

1" Siigiura, K., ct al, Cancer, 1949, r2. 491. 

13. Stock, C. a, ct al, Ann. -V. P. -lend. Scl, 


1950, in press. , , o 

14. BoWin, B. 0., Jr., ct al, J. Am. Chcm. Soc., 


1945, vfi7, 290. 

15. Kidder, G W., ct 


al. Science, 1949, vl09, 511. 


periments with 8-azaguanine, 8-aza-adenine, 
S-aza-isoguanine, 8-aza-2, 6-diaminopurine 
.and 8-azaxanthine against Sarcoma ISO under 
conditions favoring demonstration of inhibi- 
tory action confirmed the ineffectiveness of 
these purine analogs at safe dosages. Inhibi- 
tion was obsetY'ed with each compound only 
when it was given in amounts sufficient to 
kill a large percent of the mice. 

Materials and methods. Samples of the 
triazolopyrimidines were prepared independ- 
ently by two of the authors, (L.F.G.) (16) and 
(G.H.H.). Dr. M. L. Crosslev'- of die Calco 
laboratories kindly supplied two additional 
samples of 8-azaguanine. The technic used in 
the Sarcoma 180 test has been described. (11) 
In brief, small tumor implants (1-2 mm in 
am' dimension) were made subcutaneously 
bj' trocar into the axillary region of CFIV 
or RF mice, 18-22 g in weight. Twenty-four 
hours later the compounds suspended in gum 
acacia were injected intraperitoneally twice 
daily for one week. The dosages used were 
based initially on maximum tolerated doses 
determined by Dr. F. S. Philips, Pharmacology 
Section. Higher toxic doses were subsequent- 
ly used when inhibition was not found at the 
safe levels. At the end of the injection period, 
the tumors were measured with calipers in 
two diameters. The degree of inhibition of 
tumor growth was graded as follows: 

Marked inhibition (-)-), no growth of tu- 
mors in treated animals to a growth iiith an 
average diameter that of the untreated 
controls; 

Slight inhibition ( ) , growth of tumors 
in treated animals from H to the average 
diameter of the control tumors; 

•Vo effect (-), growth af tumors greater 
than the average diameter of the controls. 

Discussion of results. The data are sum- 
marized in the table for only the highest levels 
tested with each compound. .At lower toxic 
levels the compounds inhibited the tumors 
slightlv and at non-toxic levels there was no 
effect.’ None of 8 samples of S-azaguanine 
inhibited the der'elopment of Sarcoma ISO, 
when tested at non-toxic levels. These levels. 

~~16. C:tv.BierkT. F.. cl al, J. .Im. Che,.,. 

I94S, v70, 3S75. 
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TABLE I. 


Effect of Homologous anff Heterologous Spleen Pulp on ititosis in Intestinal Epithelium. 





Mitotic counts 

Group 

No. mice 

Group nvg 

± S.D. 

Range 

T. Control dba 

5 

1.34 ± 

0.250 

(0.86-2.10) 

n. Control Bockland 

5 

1.33 

0.2G7 

(0.68-1.80) 

m. Eoekland spleen in Roeklnnti 

4 

1.23 ± 

0.295 

(0.90-2.04) 

rv, Bockland spleen in dba 

5 

1.55 -t- 

0.350 

(0.82-2.46) 

V. dba spleen in dba 

e> 

1.21 ± 

0.236 

(0.80-1.74) 


significance level 0.1%). 

Discussion. The stimulation of mitotic 
actmty obtained with heterologous tissue in 
these e.'cperiments tends to confirm the re- 
sults of Breuhaus and Mcjunkin(4) using 
intraperitoneal injections of macerated rat 
kidney in normal and unilaterally neph- 
rectomized rats. 

Our results would indicate that a foreign 
tissue can influence mitotic activity as judged 
by the reaction of the epithelium in the crypts 
of Lieberkuhn in the small intestine of the 
mouse, whereas a homologous tissue may not 
do so, as illustrated by the lack of significance 
of the data from dba mice receiving dba 
tissue. The borderline significance level for 
homologous tissue in Rockland mice, how- 

■i. Brculiaus, H. C., imd McJunkin, F. A., Pp.oc, 
Soc. Exp. Biol, .\sd Med., 1931-32, y29, 891. 


ever, may possibly be attributed to the fact 
that this is a heteroz 3 ’gous strain and there 
would be a greater degree of difference between 
tissues in animals of this stock than between 
those in animals of the highly inbred dba 
line 1 strain. 

Summary. The subcutaneous injection of 
spleen pulp from heterozj'gous Rockland mice 
into homozj'gous dba line I mice caused a 
significant increase in the mitotic activity 
in the epithelium of the crypts of Lieber- 
kuhn, whereas the injection of the spleen 
pulp from dba mice into mice of the same 
strain was without significant effect, and the 
injection of Rockland spleen into Rockland 
mice caused a mitotic decrease of border- 
line significance. 

Heceivea October 20, 1949. P.S.E.B.M., 1949. vT2. 
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In a previous commumcation(l) it was 
noted that there is a correlation between the 
occurrence of fatty livers in choline deficient 
animals and the ability of the livers of normal 
animals of a given species to oxidize choline. 
Thus, rats, (2), mice, (3) and dogs{4) develop 

1. Handk-r, P., I'lioc. Soc. Exr. Biol, axd Med,, 
1949, v70, 70. 

2. Best, C. H., .and Luc.as, C. L., Vitamins and 
Hormones, 1943, vl, 1. 

3. H.-indler, P., tmpnblishcd d.'ita. 

4. Best, C. H,, Forgiison, G. C., and Hersliey, 
J. M., J. Physiol., 1943, v79, 94. 


fatty livers on choline deficient diets and their 
livers possess an active choline oxidase.(S) 
In contrast, the guinea pig does not develop a 
fatty liver while living on a choline deficient 
diet(l) and the livers of this species are de- 
void of choline oxidase activity. (5) In the 
present work it has been found that the liver 
of the normal hamster shows only moderate 
choline oxidase activitj’’ and that liver fat 
accumulation in this species is less than that 


3. Bernheim, F., nnd Bernlieim, M. L. C., Hm. J. 
Physiol, 193S, vl21, 55. 
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Effect of Homologous and Heterologous Tissue on Mitosis in Heterozygous 

and Inbred Mice. (17501) 

John C. Faudon, Sr., M. Amabilis Winger, and John E. Prince. 
(Introduced by Elton S. Cook) 

From the Division oj Biology, Institntum Divi Thnnrac, Cincinnati, 0. 


A significant inhibition of mitotic activity 
in the epithelial cells in the cri-pts of Lieber- 
kiihn in d6a mice was produced by repeated 
subcutaneous injections of an aqueous alcohol- 
treated extract of beef spleen.(l) In the 
present experiments the effect of a single 
subcutaneous injection of splenic pulp of 
homologous and heterologous origin on 
mitotic activity of the cells in the crii-pts 
of Lieberkiihn has been investigated in a 
highly inbred and a heterozygous strain of 
mice. 

Experimental. Twelve dba line 1 mice from 
the Jackson Memorial Laboratories and 9 
of the Rockland Farm all-purpose strain were 
employed in this study. The mice were 
approximately 6 to 8 weeks old and were 
allowed food and water ad libitum. Spleens 
were removed aseptically from donor mice 
of the same strains, pulped by passage 
• through a fine meshed uire screen, and 
diluted 1:1 Mth Ringer’s solution. A single 
subcutaneous injection of 0.5 cc was made 
into the groin of each e.xperimental animal, 
and 7 days later the animals were killed, 
always at the same hour of the day in order 
to avoid introducing the diurnal variable in 
the mitotic cycle. (2) At autopsy a short 
segment of the small intestine located 20 mm 
distal to the pylorus was removed, fixed in 
Bouin’s solution, dehydrated and embedded 
in paraffin. Histologic sections 8 mu in 
thickness were stained udth hemato.xylin. 

Blitotic figures including those from late 
prophase to late anaphase were counted in 
the epithelium of the cripts of Lieberkiihn 
in cross sections of the gut. Ten sections 
from progressive levels of the segment suffi- 
ciently separated to rule out counting the 
same figure more than once were used from 


Prince, J. E., and Bcrning, Sr. 

N , Can. Ses., 1918, v8, aSl. 

2. Bullongli, W. S., Brit. J. Can., 194 £), v3, ..-u. 


each animal, and 50 fields in each of these 
sections were studied at a magnification of 
970, a total of 10,500 fields being explored. 

Two untreated groups of animals consisting 
of 5 Rockland Farm (Group I) and 5 dba 
line I (Group TI) mice served as controls. 
The effect of spleen pulp from the Rockland 
Farm mice on mitosis in 4 Rockland Farm 
mice (Group III) and 5 dba line 1 mice 
(Group IV) was studied, and also the effect 
of dba spleen pulp on mitosis in dba gut 
epithelium (Group V). There were not 
sufficient dba animals to study the effect of 
dba spleen pulp on mitosis in Rockland Farm 
mice. 

The significance of the data obtained from 
the different groups was determined by the 
formula (3) designed for small samples: 

H 

Y \ />; + A'-2 J \ N,Nz J 

Levels of significance are expressed in per- 
centage. 

Results. No significant difference in 
mitotic activnty in normal control mice of 
the highly inbred dba strain and the 
heterozygous Rockland Farm mice was found 
(Groups I and II, t = 0.216; significance 
level 20^). Homologous spleen in dba 
mice had no effect on the number of mitotic 
figures (Groups I and V, t = 1.97; sig- 
nificance level > 20%) while homologous 
spleen in Rockland mice appeared to reduce 
the mitotic count slightly (Groups II and III, 
t — 1.67; significance level < 5%). When 
splenic pulp from Rockland Farm mice was 
implanted in the dba mice, however, there was 
a marked increase in tlie number of mitotic 
figures observed (Groups I and IV, t = 3.42; 

3. Eindquist, E. F., Fir.f/ Course in StaUstio, 
Ilouphton Miniin Co., Boston, B'l-’, p. 13S, ]>. ein. 
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PlQ. 1. 

Choline oxidase aetivitr of rat and hamster livers and kidneys. The suhstr.ate in each ease 
■was 1 mg of choline except lor hamster liver where corves 1 and 2 represent the oxidation of 
1 and 2 mg of choline, respectively. Theoretical oxygen uptake for 2 atoms of oxygen per 
choline molecule is 160 mm3. 


were prepared by grinding in a mortar with 
sand and squeezing through muslin. Each 
li'arburg vessel contained 0.5 ml of tissue 
suspension, diluted to 2 ml with M/20 phos- 
phate buffer at pH 7.8. The choline chloride 
was dissolved in similar buffer and 1.0 mg of 
choline in 0.1 ml of buffer was added to the 
appropriate vessels at the expense of an 
equivalent volume of buffer. The vessels were 
then incubated at 37° in the conventional ap- 
paratus. The results are summarized in Fig. 
h In each case the control respiration in 
the absence of choline was subtracted before 
the data were plotted. It may be noteworthy 
that the basal respiration was of the same 
order of magnitude in rat and hamster. From 
the data shown in Fig. 1. it is apparent that 
hamster livers and kidneys do possess choline 
oxidase activity but this is markedly less than 
the activity of comparable rat tissues. 

Because of the relatively poor growth and 
uppetite of the hamsters on the peanut meal 
rations, as compared with the rats, it is not 
possible to determine whether the hamster is 
as susceptible to choline deficiencv as the rat. 


It remains true, however, that, to date, the 
livers of all species which develop fattj' livers 
on choline deficient rations have been found 
to possess choline o.xidase activity in greater 
or lesser degree. 

Summary. Young hamsters develop fatty 
livers when fed choline deficient rations con- 
taining peanut meal, although the mean in- 
crement in liver fat is onlj" half that found 
in rats on the same diet. This may be cor- 
related with the finding that hamster livers 
and kidneys possess markedly less choline oxi- 
dase activity' than do the livers and kidneys 
of rats or may be due solely to the relatively 
poor appetite and growth of hamsters on these 
rations. 

The authors’ thanks are due to the Nutrition 
Foundation and to the Duke University Research 
Council for their support of this work; to Merck 
and Company, Bahway, N. J., for tlie crystalline B 
vitamins employed; to the Wilson Lahoratorics, 
Cliicago, lU., for the liver fraction “L,” and to 
the Lederle Laboratories, Bcarl Eiver, N.Y., for 
the folic acid. 

Received October 20, 1949. P.S.E.B.M., 1949, v72. 
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by decapitation and liver samples analyzed 
for total lipids by a method previousl}' de- 
scribed.(6) The results of these experiments 
are summarized in Table 11. 

The failure to obtain fatty livers in the 
hamsters on choline-deficient diet 1 is re- 
ferable to the apparent inadequacy of this 
“synthetic” ration for this species. Food con- 
sumption -was lower than in the animals on 
diet 2 and during the course of the experi- 
ment there was a net loss in weight. Fatty 
livers are not to be expected under these cir- 
cumstances despite the choline deficiency. (7-9) 
No explanation is at hand for the modest fat 
accumulation obserx'ed when diet 1 was sup- 

TABLE II. 


Liver Lipids of Hamsters and Rats on Cliolinc-Beficient Diets. 


Group 

Species 

No. 

animals 

Diet 

Initial 
"•t, g 

Wt 

changes, 

g 

Food 

intake. 

g/day 

Liver lipids 
% wet Avt 

1 

Hamster 

6 

1 

96 

—12 

4.8 

6.9 

2 


G 

1 -(- ciioline 

93 

— 7 

.3.2 

9.4 

3 

Rat 

6 

1 

100 

23 

6.1 

13.9 

4 

» f 

5 

1 -}- cboline 

97 

23 

6.3 

4.9 

5 

Hamster 

7 

2 

101 

S 

6.9 

13.5 

6 


6 

2 -}- cliolinc* 

102 

7 

6.7 

7.5 

7 

J f 

7 

2 -}- metlnoninet 

97 

7 

7.1 

5.7 

8 

Rat 

6 

2 

103 

17 

G.S 

24.7 

9 

* ) 

5 

2 + choline* 





10 

} i 

6 

2 -i- methioninef 

99 

23 

6.9 

7.6 


* Present as 0.6% of diet, 
f Present as 0.8% of diet. 


TABLE I, 

Composition of Diets. 


1 

O 


% 

Cf 

tO 

Casein 

10.0 

G.O 

Saifs! 

3.0 

.5.0 

Lard 

20.0 

25.0 

Cotton oil 

10.0 


Sucrose 

3S.0 

13.5 

Cod liver oil 

1.0 

1.0 

Ci-stiiie 

0.3 

0.3 

Cholesterol 

0.5 

0.5 

Inositol 

0.1 

0.1 

Glvcoeyamine 

0.5 

0.5 

Peanut meal 



30.0 

Arginine 

1.0 


Liver “L”* 

3.0 

3.0 

* Wilson’s 

Liver Fraction “L” 

obtained 


through the courtesy of Dr. C. E. Graham. 


in rats on identical choline deficient rations. 

Experimental. Liver Fat Studies. The 
animals were Syrian golden hamsters from a 
local colony of stock originally obtained from 
the General Biological Supply House, Chicago, 
111. They were housed in individual metal 
cages and offered the experimental rations ad 
libitum with water supplied at all times. The 
feeding technic was identical with that pre- 
viously described for guinea pigs.(l) The 
basal "diets are summarized in Table I. Each 
diet contained, in addition, per kilo of diet, 
thiamine 10 mg, riboflavin 10 mg, pyridoxine 
10 mg, calcium pantothenate 50 mg. niacin 
100 mg, /'-aminobenzoic acid 50 mg, biotin 
2 mg, folic acid 5 mg, a-tocopherol 200 mg, 
2-meThyl-I, 4-naphtboquinone 10 mg. The 
feeding experiments were continued for 35 
days. At this time the animals were sacrificed 


plemented with choline. In contrast, alf 
hamsters ingesting diet 2, whicli contained al- 
cohol-extracted peanut meal were found to 
possess fatty livers and in the group shown 
in the table the lipid content varied from 11.9 
to 19.1^. In another group of 14 hamsters 
fed the same diet, liver fat was found to vary 
from 9.4 to 28.1% with a mean of 15.3%. In 
general, there was a positive correlation be- 
tween food consumption, growth rate and liver 
fat. 

Choline Oxidase Studies. The animals were 
sacrificed by decapitation; liver and fcidnc}' 

6. Haiullpr, P., J. Biol. Chrm., lO-lS, vJr.S, HP-'. 

7. Hnbbcll, R. G.. Moiidel, L. B.. .mil Wiikeiiiiin, 
A. .T.. .1. Xiilrilioii, 1937, vl4. 273. 

S. IlnniBcr. P., .unit D.mn, IV. ,1., .1. SwI. Chun., 
1942. t146, 3.77. 

9. Hnuillor, P., .1. Bi'd. Chrm., 194.3, Vl49, 291. 
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2-2 Intervals 



Fig. 1. 

Example of -usual reversal of thionicrin conduction effects by BAL, and B*^’s cardiopro- 
tective value. Prolongations of P-R (dots), QRS (crosses), and Q-T (circles) intervals of the 
electrocardiogram at all rates of stimulation by tliiomerin doses equivalent to 22,000 mg of 
mcrcury/kg — reversed by BAL. A total of 132.000 mg mercury equiv.alents per kg tolerated 
by the he.art, with further deleterious but non-lcthal conduction effects thereafter. 


block, during the control and drug periods 
and analyzed by the magnifying Cambridge 
measuring instrument. P-R, QRS and Q-T 
intervals were then plotted against the R-R 
intervals for the control and other periods, as 
curt'es of recovery. Their prolongation or 
shortening at various rates of stimulation 
could thus be graphically evaluated. .A total 
of 31 rabbit heart preparations were tested 
ivith thiomerin; 52 previous rabbit heart 
preparations provided comparative data for 
other mercurials. (7). 

Results. 1. Effects of thiomerin. Thio- 
merin, like other mercurial compounds, (1,7) 
consistently and progressively prolonged con- 
ductivity in the ventricles, the atrioventricular 
conduction time, and the “electrical systole” 
or Q-T interval. Cardiac dilatation and slow- 
ing and lessened contractility resulted from 
large doses of thiomerin. It produced, to a 
much lesser extent than other mercurials, (7) 
monophasic t\-pe S-T segment displacements, 
doming and, rarely, reversals of the T waves. 
(Older batches of the drug were much more 
cardiotoxic, just as they showed greater ir- 

9. Doebenl. R. M.. and RusEin, A., Pkoc. Soc. 
Exf. Bioi.. -VNi) 1940, v03, 114. 


ritation in the subcutaneous and intradermal 
tissues). Conduction effects were quite 
marked (prolongations of the QRS inter\mls 
of SO to 150%) with doses of approximately 

8.000 to 22,000 mg of mercury /kg of heart 
weight, with the new lots of the drug. (Older 
lots were similarly cardioto.xic in doses of 700 
to 900 mgAg)- Rapidly (within 10 minutes) 
cardiolethal doses ranged from 54,000 to 

69.000 mg of mercury Ag: with slow idioven- 
tricular rhythm and asystole occurring, to the 
exclusion of ventricular arrhythmias, as a 
terminal event. Transient ventricular ectopic 
beats and ventricular fibrillation occurred 
only once in 31 heart preparations after thio- 
merin and twice during control runs (rapid 
stimulation). The above figures indicate a 
comparative thiomerin cardiotoxicity of less 
than 1/200 that of mercuhydrin and 1/1,000 
those of salj’rgan-theophylline and mercuzan- 
thin(7) in the isolated perfused rabbit heart. 
The cardiolethal ratios of thiomerin to mercu- 
hydrin are less than 1 to 700, and of thiomerin 
to the other mercurials — 1 to 1,800. 

Thiomerin and BAL. The slight deleterious 
cardiac conduction effects of BAL in doses of 
1800 to 3000 mgAg have been previously dis- 
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Gardiodepressive Effects of Thiomerin: Cardioprotective Attempts with 
BAE, Ascorbic Acid and Thiamin.*^ (17503) 


Arthur Ruskin and John E. Johnson 

From the Department oj Internal Medicine, University of Texas School of Medicine, 

Galveston, Texas. 


The new mercurial diuretic, thiomerin, 
(mercaptomerin, N.N.R.) has been studied 
intensively by several groups of investigat- 
ors, (1-5) since its introduction by Leh- 
man. (6) His original experiments ndth cats 
indicated deleterious intraventricular conduc- 
tion effects, representing toxicity less than 
1/160 that of mercurial diuretics in current 
use which do not contain the monothiol com- 
ponent. There is evidence that in this mer- 
captide derivative the to.xidty has been re- 
duced without impairing the diuretic efficiency 
of the mercurial compound, (3) whereas the 
dithiol — ^B.AL reverses both the to.xk and 
diuretic effects of mercurials. (7) We have 
previously shown that BAL, ascorbic acid, 
and thiamin, in that order of efficacy, prevent 
and partially reverse the deleterious conduc- 
tion effect of mercuhydrin (meralluride, 
N.N.R.) and other organic mercurials in the 
isolated rabbit heart. (8) The purposes of 
this study were (1) to obtain comparative 
cardiotoxic and cardiolethal dosage levels of 
thiomerin and (2) to determine the cardio- 
protective effects of BAL, ascorbic acid and 

* Witli tlie teclmieal assistance of James E. 
Amlmrji. Supported in part by a grant from 
Camiibell Products, Inc., jrew Torb. 
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thiamin used before and after thiomerin in 
the isolated perfused rabbit heart. 

Methods. The isolated rabbit hearts were 
perfused with a modified Locke solution at a 
constant temperature (37‘’C) and pH (7.4), 
and driven at definite varied rates with a 
thyratron stimulator, as in previous stud- 
ies. (9) BAL, ascorbic acid, or thiamin, in 
predetermined amounts, (7) were injected into 
the tube leading to the aortic cannula either 
10 minutes before or 10 minutes after thio- 
merin. Electrocardiograms corresponding to 
Lead I were obtained at various rates of 
stimulation, up to the production of A-V 

TABLE I. 

Bosos of Tliiomerin in ingA'g Heart Weight 
Producing Marked Conduction Belays (50% to 
150% in QRS Width) and Rapid (Within 10 
Minntes) Asystole in Isoliitod Perfused Rabbit 
Hearts. 


• 

Conduction delays 


8,100 

mgAg 

(tliiomerin 

only) 

8,300 

f f 

fy 

y > 

9,200 

ft 

yy 

>> 

11,000 

i y 

} y 

y y 

11,200 

y f 

y 

> 1 

13,500 

> y 

y 

y y 

14,000 

y y 

y 

7 7 

14,000 

y y 

y 

y y 

15,400 

y y 

fy 

if 

15,800 

f t 

7 r 

f y 

17,300 

y 

y 7 

y 1 

17,700 

y 

y y 

t J 

22,200 

t 

y J 

f t 


Rapid asystole 

43.000 (after ascorbic acid) 

48.000 (after thiaminl 
,54.000 (thiomerin only) 
5G,000 (after thiamin) 

58.000 (after thiamin) 

01.000 (tliiomerin only) 

02.000 (after ascorbic acid) 

08.000 (thiomerin only) 
09,300 (tliiomerin only) 

72.000 (after ascorlJlc .acid) 

77.700 (after tliiaminl 

88.700 (after ascorbic acid) 

110.000 (after BAL) 

128.000 ” ” 

143.000 ” ” 

157.000 ” ” 
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Fig. 3. 

Examiile of frequent reversal of small dose tluomerin conduction effects bv ascorbic acid. 
Prolongations of P-H, QHS and Q-T intervals of the electrocardiogram at all rates of stimula- 
tion bv thiomcrin are reversed, though less markedly than by B.AL (Fig. 1), in all instances, by 
the large dose of ascorbic acid. 


cardiac toxicity of less than 1/200 that of 
mercuhydrin. This ratio corresponds to 
Lehman’s original figure of less than 1/160, 
measuring the comparative effects of the two 
drugs in prolonging the QRS interval in cats. 
Such .marked innocuousness of thiomerin 
from the cardiotoxic standpoint is also em- 
phasized by the absence of ventricular ectopic 
rhythms in the rabbit heart preparations, or 
in human subjects(3) given the drug sub- 
cutaneously and intravenously. Correspond- 
ing absence of marked subcutaneous and in- 
tracutaneous irritation both in animal and 
human subjects! 10) of the newer lots of the 
drug is in marked contrast to the tender sub- 
cutaneous nodules and sterile abscesses, and 
erythematous, papular, vesicular and even 
necrotic intracutaneous reactions of other 
mercurials. It is of interest that whereas 
B.\L. ascorbic acid and thiamin raised the 
maximum cardiolethal (causing asystole 
within 10 minutes) doses of meralluride to 

10. Ruskin, A., Rabino«itz, 11.. .and Damiaiii, 
31., to bo jmblisbcd. 


above 10, 7.6 and 2.6 times the M.L.D. of 
the mercurial alone, respectively,(7) only 
BAlr was successful in increasing the thio- 
merin tolerance, and that only to the extent of 
doubling the cardiolethal dosage. We can 
only speculate as to what the mercaptan link- 
age has to do with rendering thiomerin less 
toxic to the cardiac enzyme systems, and B.-IL 
of relatively little further cardioprotective 
effect. Work in progress in our neurochem- 
istry laboratory indicates that oxidation is 
markedly suppressed or abolished for at least 
30 minutes in rat heart slices bj' mercuhy- 
drin.(ll) The depression of respiration of 
yeast brought about by phenylmercuric nitrate 
is prevented by cysteine and homocys- 
teine,! 12) but more direct biochemical evi- 
dence relative to the cardioprotective effects 
of sulfhydryl compounds is not available. 
Likewise, the failure of ascorbic acid to in- 

11. Hus^py, JL, and Nowinski, IV. tV., to be 
publislipd. 

12; Cook. E. S., Perisutti, G., and Walsh, T. M., 
J. Binl. Chem., 1946, vl62, 31. 
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COHTROL 


RABBIT # 2 !I 

* a 

A 


8/23/49 


Ht. v;t. 4.6 Ca. 


i-TA 

4 




'•’S. 




, THIOMERIR 

11,000 mg/kg i 




W- \#l ^ 


i 


THIOI'IERIK ! 

11,000 mg/kg . 


BA L 

3,000 mg/kg 




'‘w'- 


THIOMERIN 
22,000 rag/kg 


THIOMERIN 
88,000 rag/kg 



Eleotrocardiograms corresponding to lead I obtained at similar rates of stimnlatiot! daring 
control, tliiomerin, and BAB periods, 10 minutes apart, for same rabbit Iieart as in Fig. 1. TJic 
sbortening of the P-E, QRS, and Q T intervals by BAB, and their lengthening by tliiomerin, 
much less after BAB than after control runs, are clearly seen. 


cussed by us. (7) Thiomerin was tolerated 
thereafter in doses up to 157,000 mg of mer- 
cury Ag of weight (Table I), or ap- 
proximately 2 times the usual cardiolethal 
dose, when preceded by BAL. BAL, likewise, 
markedly reversed the prolongation of the 
electrocardiographic intervals by previous in- 
jections of thiomerin into the closed perfusion 
system (Fig. 1 and 2). 

Thiomerin and ascorbic acid. Ascorbic acid 
in doses of 4000 to 6000 mgAg of heart 
weight caused slight deformations of the elec- 
trocardiographic patterns as previously re- 
ported (7) In contrast to its action in in- 
creasing the cardiolethal dosages of mercu- 
hydrin and the more to.xic mercurials,(7) it 
had no such effect in respect to thiomerin 
fTable I) However, the slight conduction 
effects of small doses of thiomerin were often 


parthi- reversed by ascorbic acid in the above 
dosage (Fig. 3). 

Thiomerin and thiamin. Thiamin, in doses 
of 500 to 1000 mgAg of heart weight caused 
sliglit changes in the electrocardiographic pat- 
terns as noted previously. ( 7 ) Again, in con- 
trast to its effect on mercuhydrin, it failed to 
protect against more than the usual cardio- 
ielhal doses of thiomerin (Table I). Re- 
versal of deleterious conduction changes re- 
sulting from small doses of thiomerin was the 
exception rather than the rule for thiamin 
(Fig. 4). . 

Comment. Samples of thiomerin received 
in the first half of the year 1949 showed 
cardiodepressive effects corresponding to doses 
20 to 23 times those of mercuhydrin (700 to 
900 mg/kg vs. 20 to 36 mg/kg respectively). 
Kewer lots of the drug, however, showerl a 
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of BAL, Ascorbic Acid and Thiamin.* (17504) 

Arthur Ruskin, and John E. Johnson 
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Galveston, Texas. 


The use of mercurial diuretics is attended by 
cardiac abnormalities. The more serious, 
and even fatal, immediate reactions are ven- 
tricular fibrillation, preceded by ventricular 
tachycardia and ectopic beats, or, infrequent- 
ly, cardiac asystole. (1) Elevation and other 
deformations of the S-T and T segments, 
notching of the QRS, prolongation of the P-R 
and QRS intervals up to alternating bundle 
branch block, auricular fibrillation and flutter, 
abo occur, in human cases and in animal ex- 
periments. (1-3) BAL is conceded to be the 
most effective dithiol compound in combatting 
the toxicity of mercurial compounds, as well 
as neutralizing their diuretic effects. (4) As- 
corbic acid liker\Tse reputedly has antitoxic 
as well as synergistic diuretic effects when 
administered with mercurials.(l) Thiamin, 
reported beneficial in arsenical poisoning,(5) 
has not been used to counteract mercurial 
toxicity. Neither thiamin nor ascorbic acid 
have known direct cardiac effects, except that 
the T wave may become inverted after thia- 
min. (6) BAL has been obserx'ed to cause, 
beyond slowed cardiac rates, elevated S-T 
segments and deep S waves.(7) 

The purposes of this study were to obtain 

* tVitli tlie teclmic.il .issist.Tnce of James E. 
Amburn. Supporter in part by .a grant from 
Campbell Prodvicts, Inc., New Yorb. 
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7. aienowcth, M. B., J. Pharm. and Exp. Therap., 
194G, vS7 (Snppb), 42. 


specific conductive and electrical systole ef- 
fects of, particularly, mercuhydrin in the iso- 
lated rabbit heart; to compare its myocardial 
toxicity with that of other organic mercurials; 
and to evaluate the detoxifying effects of 
BAL, ascorbic acid and thiamin used before 
and after the mercurial compounds. 

Methods. As in our preirious investiga- 
tions{8,9) with the isolated rabbit hearts, 
they were perfused pier aorta and coronary 
arteries urith a solution kept at 37°C, pH 7.4, 
and oxj^genated with 5% COo in oxj'gen. 
Electrocardiograms corresponding to lead I 
were obtained, as the auricles, or ventricles 
ivith the auricles cut off, were driven at vari- 
ous rates by means of a thjnratron-tjTpe stimu- 
lator. The P-R, QRS and Q-T intervak were 
measured at various rates of stimulation with 
a Cambridge measuring instrument and 
graphed against the R-R intervals as curves 
of recovery (relative refractoriness). Con- 
trol tracings were followed by the injections 
of the drugs in appropriate dosage, mercuriak 
followed by the supposed antagonists, or vice 
versa. Ten minute intervals between doses 
of the same or different drugs allowed records 
of the maximum effects, and, together with 
rest periods between salvos of stimuli, elmi- 
nated the noxae of fatigue. The pH of the 
perfusate w'as not altered more than 0.5 unit 
by any'^ of the drugs added, so that the acids 
(thiamin hydrochloride, ascorbic acid) ad- 
ministered needed no buffering, hloreover, 
our own studies! 11) indicate that a pH range 
of 6. 5-8.0 of the perfusate is imaccompanied 
b\' marked changes of the electrocardio- 
graphic intervals measured. A total of 52 
experiments, 6 dealing with salys^an-theo- 

8. DcclierJ, G. M., and Ruskin, A., PROC. Soc. 
Exp. Biol, axd Med., 194G, vG3, 114. 

9. Ruskin, A., .and Deelierd. G. M.. Proc. Soc. 
Exp. Biol, .vxd Med., 1948. vGS. 4G.3. 

11. Ruskin, A., .nnd Declicrd, G. M., unpublislied 
observations. 
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Fjo. 4. 

Example of infrequent reversal of small dose tliiomcrin conduction effects by tbiamin. 
Prolongations of P-E and QBS intervals of tlie electrocardiogram at all rates of stimulation 
by a moderate dose of thiomerin are reversed by tbiamin, as recorded for tiic three periods 
10 minutes apart. The markedly prolonged Q-T intervals resulting from thiomerin are not 
shortened by tliiamin. Compare similar results for raercuhydrin.’f 


crease further the cardiac tolerance of a mer- 
curial compound with a mercaptide linkage 
may or may not be connected with possible 
thiomerin potentiation of the already present 
ascorbic acid in the cytochrome oxidase sys- 
tem in its active reductant state. This cannot 
be substantiated without further biochemical 
studies. For what obscure reason thiamin, 
and presumably its phosphorylated enzyme 
product — cocarbo.xylase, increases, though 
slightly, the cardiac tolerance to organic mer- 
curial compounds other than thiomerin can-- 
not be answered in the present state of our 
knowledge. 

Summary and conclusions. 1. In the iso- 
lated rabbk heart thiomerin appeared to slow 
atrio-ventricular and intraventricular conduc- 
tion and prolong the “electrical systole" 
(Q-T interval) in doses, as to mercury con- 
tent, over 200 times those of meralluride, and 
1000 or more times those of other commonly 
used mercurial diuretics. The rapidly cardio- 
lethal dosages bore even larger ratios. Idio- 


ventricular slowing and asystole, associated 
with marked cardiac dilatation and failure of 
contractility, and not ventricular ectopic 
rhythms, constituted the lethal manifestations 
of the thiomerin perfused heart. 

2. In contrast to the marked increase in 
cardiac tolerance to other organic mercurial 
compounds as a result of preliminary' admin- 
istration of BAL, and to a les.ser extent, of 
ascorbic acid and thiamin, B.AL appro.xi- 
mately doubled the cardiolethal dos.ige of 
thiomerin and the two vitamins were not sig- 
nificantly cardioprotective against the mon- 
othiol mercurial. 

3, B.AL markedly' reversed the deleterious 
conduction effects of even large doses of thio- 
merin; ascorbic acid did so frequently, after 
relatively' small doses; thiamin reversed (he 
milder effects of thiomerin but in a minority 
of cases. 

Eoceivctl .Tuly 20, 1049. P.S.E.B.lf., vTC. 
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Fig. 2. 

The prolongation of QBS, P-R, and Q-T intervals at all rates of stimulation bv a blocking 
dose of mercuhydrin (30 mg of mercury /kg heart weight) is reversed by BAL in that order of 
decreasing efScacy. 

versal of A-V and intraventricular block, doses of mercuhydrin (36 mg of mercury Ag) 
though the Q-T interval and the absolute re- caused, in general, partial reversal of A-V and 
fractory period vrere further lengthened (Fig. possibly I-V block, and not infrequently fur- 
2). In one instance of complete cardiac asj’s- ther slight prolongation of the Q-T interval 
tole after mercuhydrin, caused resump- and the absolute refractort'^ period of the re- 
tion of idioventricular rhythm, though the covery curves of conductivity (Fig. 4). The 
heart failed to react to electrical stimulation, detoxifying effects rvere intermediate between 
S-T changes of monophasic current tjpe and those of BAL (supra) and thiamin (infra), 
doming or reversals of the T vrave frequently 4. Thiamin a/id mercuhydrin. Thiamin in 
followed the exhibition of either mercurials or doses corresponding to therapeutic ones in 
BAb. man did not affect the electrocardiogram. 

3. Ascorbic acid and mercuhydrin. Ascor- Doses of thiamin of 570 to 780 mgAg of heart 
bic acid in doses conesponding to therapeutic weight at times impaired conductivity and 
ones in man did not affect the electrocardio- prolonged the Q-T interval, with slight S-T 
gram. Doses of 4500 to 5400 mgAg ut times and T changes, jMercuhydrin administered 
verj- slightly impaired conductmty and pro- after such amounts of thiamin was tolerated 
longed the Q-T inter\*al, with minimal S-T up to 196 mgAg without killing the heart, al- 
and T changes. The maximum tolerated though increasing block developed (Fig. 5). 
amount of mercuhydrin administered after In one instance a mercuzanthin dose of 105 
such doses of ascorbic acid was 570 mg of mg of mercuryAg similarly (Table I) pro- 
mercuiyAg, although usually only much low- duced A-Y dissociation without immediate 
er doses could be protected against (Fig. 3. death of the heart after an apparently pro- 
Table I), .\scorbic acid used after blocking tective dose of thiamin (600 mgAg). Thia- 
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JS.J2. Interval 



Fig. 1. 


BAIi (0.22 cc saturated aqueous soln.) prolongs A-T and I-V couduction times and Q-T 
interv.als at all rates of stimulation (B-B intervals). Despite these deleterious effects, the total 
merculiydrin toierated thereafter amounts to 760 mg of inerciirr/hg of heart ireight, or more 
than 10 times the usual cardioletlial dose of the mercurial. Times — sec. 


phylline, 6 with mercuzanthin, and 40 with 
mercuhj^drin, constitute the basis of the fol- 
lowing data. The rabbits weighed l.S to 2 kg 
and the hearts 4 to 6 g. The perfusate 
volume was 1 liter. Hence, to translate dos- 
ages of mg/kg of heart w’eight into concen- 
trations of mg ^0 of perfusate, one need only 

1000 

divide by the factor 20 (i.c. ), Dosages 

5 X 10 

on figures per kg of body weight must be 
multiplied by the factor 200 to get appro.xi- 
mate values per kg of heart weight. 

Resuifs 1. EJ;ccis oj Merairiofs. Salyrgan- 
theophylline and mercuzanthin were usu- 
ally rapidly (within 10 minutes) fatal to the 
rabbit hearts at doses of 30 mg of mercun^As 
of heart weight, or above. Block of severe 
degree, A-V nodal or intraventricular (QRS 
widening of SO to 150%), generally occurred 
at a dosage of 7.5 mg of mercuiyAg or above. 
That mercuhydrin was less toxic, as noted by 


previous investigators, (10) was emphasized 
by its cardiolethal dosage of 75 mg of mer- 
cury/kg or over, and the occurence of marked 
impairment of conduction foltowang doses of 
36 mg of mercutyykg or over (Fig. 2, 4, and 
6; Table I). 

2. BAL a)id Mcrnifiydrhi. BAL in saturated 
aqueous solution (4.5%), administered in a 
dosage of 1800 mgAg of heart weight caused 
some impairment of conduction and length- 
ened the Q-T interval. The dosage of mer- 
cuhydrin tolerated thereafter, however, in- 
creased up to 780 mg of mercuryAg without 
immediate!}'- killing the heart, although further 
deleterious changes in conduction and refrac- 
tor}’- period followed (Fig. 1). When conduc- 
tion impairing doses of mercuhydrin (e.g. 36 
mg of mercuryAg) vrere followed by B.AL 
ISOO mgAg)>' fbere resulted a marked re- 

10. Lehman . It . A., I’eor. t ^ or . Kxe. Bio!.. .^xn 
Mep.. 1047, vG4. 42S. 
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Fig. 4. 

The usual effects of a blocking dose of usercubydrin (36 rag of mercury/kg of iieart weight) 
are reversed as regards A-A' and I-V conduction only slightly, and at lower rates of stimulation, 
by ascorbic acid in this preparation; the electrical systole is further prolonged. 


the Q-T inten^al and the absolute refractory 
period of conductivity. (11) 

Comment. Since the lethal effects of intra- 
venous mercurial diuretics result primarity 
from cardiac to.Aicity,{2) it is pertinent to 
compare the doses of mercurials fatal for the 
isolated rabbit hearts with the known 
^I.L.D.'s of these drugs in intact animals. In 
terms of mercury content, mercuhydrin was 
fatal in dogs in a dose of 45-61 mg/kg of 
body weight,(l) and saiyrgan-theophylline in 
cats at 35 rag/kg.{2) Our corresponding 
figures for the two drugs are 7 5 mg/kg and 30 
mg/kg of heart weight respectively. These 
doses of mercurials produce rapid cessation of 
cardiac activity as compared nath the slower 
cumulative effects of the M.L.D.'s as defined 
for intact animals. -Although our results are not 
quantitative, it appears that BAL, ascorbic 
acid and thiamin offered, in that order, sig- 
nificant protection to the heart against mer- 
curial toxic and lethal effects. The maximum 
tolerated (sublcthal) doses oj mercuhydrin 


folloscitig BAL, ascorbic acid, and thiamin, 
mere 10.0, 7.6, and 2.6 times the previously 
noted M.L.D. oj the mercurial alone in our 
preparation oj the perjused isolated rabbit 
heart, respectively. Each of them, likewise, 
showed definite reversal of mercury-induced 
conduction defects and, usually, electrical sj^s- 
tole prolongation. 

Further studies indicate that mercaptomer- 
in (the disodium salt of N (y-carbox\'methyl- 
mercaptomercuri-^-methox\0 propyl camphor- 
amic acid, thiomerin-Campbell Products) is 
less thsm 1/200 as cardiotoxic as mercuhydrin. 
Slight cardioprotective effects also result from 
the exhibition, before or after thiomerin, of 
B.AL, but not of thiamin or ascorbic acid.( 14) 
The mechanism of B.AL deto.vication of mercu- 
ry has been adequately discussed elsewhere.(4) 
We can offer no e.xplanation of the actions of 
thiamin and ascorbic acid, other than possible 

14, Riiskin, A., and Jolinscm. J. to be pub- 
Uslied. 
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Fig. 3. 


Ascorbic acid lias praetieallj- uo effect on this heart preparation except for proJonginjr the 
Q-T interval and sliglitly decreasing tlie blocking stimulus rate (sec arrows). Sro mg of 
mercury/kg of body weiglit, or more than 7 times tlie usual cardioletlial dose, is tolerated tliere- 
after -mitli few further deleterious effects on tbc measured intervals. 


min administered in above doses after block- 
ing doses of mercuhydrin caused partial rever- 
sal of the prolonged P-R and QRS intervals, 
while prolonging the Q-T intervals further 
(Fig. 6). This action was similar to but less 
marked than that of BAL and ascorbic acid 
under similar conditions (supra). 

5. Other drugs and mercurials. Theophylline 
ethylene diamine in doses of 3600 mgAg ap- 
parently increased the tolerance of the isolated 
rabbit heart to mercuhydrin (e.g. 120 mg of 
mercury/kg with non-lethal A-V dissociation, 
Table I), while itself causing some block and 
particularly prolongation of the electrical sys- 
tole. (11) The protective effects of theophyl- 
line have been previously reported,(2) asso- 
ciated, perhaps, noth the increased absorptive 
and diuretic results of its combinations with 
mercurials, (2,1 2) as well as coronary dilation 
since pitressin had the opposite effect (Table 
I) Epinephrine, 6 mg/kg, partially reversed 
the effects of blocking doses (36 mg of mer- 

n,uf Clin. XfH., 1044, v29, 4SC. 


cury/kg) of mercurials on the P-R, QRS and 
Q-T intervals, without causing ventricular 
fibrillation.(Il) DeGraff and Lehm3n(2) 
had prevdously reported “improvement” in 
hearts poisoned by mercurials following ephe- 
diine. Since magnesium sulphate has been 
reported to have detoxifj-ing value against 
mercurial diuretics,(13) doses up to 45 to 120 
g/kg were employed before and after mercu- 
hydrin with failure to demonstrate any pro- 
tective or beneficial effects. iNfarked A-V 
(not I-V) block and prolongation of the Q-T 
interval were produced following MgSOi Iwth 
before and after mercuhydrin, and tlie card)- 
olethal dose of the latter was still 75 to 125 
mg of mercury/kg after JfgSOv. Niacin like- 
wise failed to increase the tolerance of tlie 
isolated rabbit heart to mercurials, and in 
doses much larger than the corresponding 
therapeutic ones in man, c.g. up to 9000 mg/ 
kg, caused slight impairment of conduction 
(.A-\*, rather than I-V), and prolongation of 

~ 13. F^s. I.. Lnniibria, A., and .trric)i«, It. T. 
H., Jlril. Ilcnrt J., W44. vfi, 107. 
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TABLE I. 


lieprcsentativc Boses of Mcrculiydrin and Otiicr Mercurials in mg/kg Heart Weight l^roducing 
Msirhed Conduction Belays (50% to 150% in QBS Width at 150 Beats/min.) and Rapid 
(Within 10 Minutes) Asystole in Isolated Perfused Bahhit Hearts. 


Conduction delay.s 
>iig/kg 


Rapid asystole 

mg/kg 


Sulyrgan-theophylHiie 



7.9 


29.0 


10.8 . 


30.2 


ll.S 


44.1 



Mereuzanthin 



7.4 


30.8 


12.0 


40.7 


44.2 (after thiamin) 


105,4 

(after thiamin) 


Mcrculivdrin 



17. S (after pitressin) 


75.8 


29.8 


88.2 


30.4 


95.0 


38.8 


112.7 


40.0 


110.2 

(after MgHOj ) 

40.7 


118.9 


42.1 


124.0 


44.1 


144.4 


48.0 


148.5 


48.8 


149.4 


53.9 


109.4 

(after thiamin) 

50. 1 


195.2 

( ” ” ) 

02.3 


37.0.7 

(after aseorbie aeid) 

GO, 8 


418.8 

( ” ” ” ) 

320.4 faffer aniinophvlline) 


oTO.G 

11 11 J 

242.0 (after BAB) 


090.0 

( ” B.AIA 



"SO. 5 

( ” •’ ) 


potentiation of the cellular enzyme systems 
.incompletely destroyed by mercury,- Bio- 
chemical studies, utilizing the Warburg tech- 
nic, now being conducted in our neuro-chemis- 
try laboratory, may substantiate this h\T>otb- 
0515.(15) Other substances concerned with 
cellular oxidation, such as niacin and riboflav- 
in, are without effect on mercurial toxici- 
ly.(ll) The favorable effects of theophylline 
ethylene diamine and epinephrine confirm pre- 
vious similar observations, ilagnesium salts, 
while apparently stimulating the contrac- 
tility of the preparation,(ll) produce, with 
rnercuhydrin, additional deleterious conduc- 
tion effects, without changing the cardiolethal 
dosage of the mercurial compound. 

Summary. Alercuhydrin uniformly caused 
conduction delays in the node and ventri- 
cles of the isolated rabbit heart. Electrical 
systole (Q-T interval) was likewise prolonged, 

tr,. ItusHi-y, M. S., !\u.l~lrowinsVi, W., in 
proRress. 


and failure of A-V conduction (dropped beats) 
produced at lower than usual rates of stimula- 
tion — all at doses above 36 mg of mercury, 'Eg 
of heart rveight. Rapid cardiac asystole result- 
ed from doses above 75 mg of mercury/kg of 
heart weight. Preliminary BAL, ascorbic 
acid, and thiamin, in descending order of 
efficacy, raised the blocking and cardiolethal 
dosages of rnercuhydrin, and the same drugs 
administered following the mercurial com- 
r>ound partially reversed the cardiac effects 
measured. Theophjdline ethydene diamine and 
epinephrine exhibited lesser cardio-protective 
activity. ?ilagnesium sulphate and niacin had 
none. 

The authors arc indebted to Mrs. .T. E. .Tolmson 
of the Department of Biological Cliemistry for pH 
detenninations of the perfusion fluids and to Dr. 
W. .T. Wingo, formerly of the Bep.artmcnt of 
Biological Cliemistry, for ciieching tiio degree of 
solubility of BAB in aqueous solution.*;. 

Ilceeivcd July 20. 1040, B.S.i:.E.yt., 1049, v72. 
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40^6.. uuov uiiiuuui iias increusea a-v conauciion time nnd the Q*T intervals at all 
rates of stimulation in this heart. Nevertheless, mercuhydrin is tolerated, thereafter, tlioufrlj 
\vitu markedlj- deloterious effects, up to 195 mg of mercuryAg of heart weight, or almost 2 
times the usual cardiolethal dose of mcrcuhj'drin alone. 
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Fig. 2. 

The modifieatimi of tlie expected sliarp rise in 
IT-ketostcroid o.xcrction following the intramus- 
cular injection of testosterone by concomitant 
administration of caroiianiidc. 

became stabilized again, he was given 24 g 
of caronamide in divided dosage per 24 hours 
for 7 days. On the fifth day of this period be 
was given another injection of 80 mg of testo- 
sterone, The e.vcretion of I7-ketosteroids 
following the injection of testosterone while 
the patient was receiinng caronamide was dis- 
tinctly less than that following the previous 
injection when the subject was not receiving 
the drug. However, when caronamide was 
discontinued 48 hours following the second 
injection, there was an immediate increase in 
steroid excretion. 

Discussion. The data in Exp. 1 would 
seem to indicate that in sufficient dosage, 
caronamide will inhibit the e.xcretion of endo- 
genously manufactured I7-ketosteroids. The 
apparent absence of any “rebound’’ after the 
discontinuance and elimination of the drug 
might suggest increased degradation of these 
substances to non-17-ketosteroid derivatives 
when their natural avenue of e.vcretion is 


17-Ketosteroid Excretion 

blocked, or their alternate elimination by some 
other excretory' route. 

In reference to Exp. 2, it should be stated 
that in data not herein presented, we have 
evidence that caronamide must be given in 
sufficient dosage to effectively block renal 
tubular function if the excretion of adminis- 
tered testosterone is to be modified effectively. 
This has been shown true for penicillin 
also. (7) It is of some interest that the im- 
mediate, e,vpected sharp rise in l7-ketosteroids 
following the injection of testosterone during 
the drug period was modified considerably, 
but that such an increase did occur following 
the cessation of the drug 48 hours later. This 
might suggest that the degradation products 
of administered testosterone are not further 
degraded rapidly when their natural pathway 
of e.xcretion is blocked, and that renal tubular 
excretion may possibly' represent their selec- 
tive excretory' route. It would also seem 
logical to assume from Exp. 1 and 2 that 17- 
ketosteroid excretion involves a renal tubular 
mechanism very similar to that for para- 
aminohippurate, phenolsulphonphthalein and 
penicillin. Further data must be obtained to 
substantiate these theories. 

Conclusions. Caronamide f4'-carbo.vyphe- 
ny'imethanesulphonanilide) has been found to 
inhibit the e.vcretion of 1 7-ketosteroids in 
man. In effectiv'e dosage it will likewise ap- 
parently modify the e.vpected rise in 17-keto- 
steroids following the intramuscular injection 
of testosterone. 

7. Boger, VT, P., Kay, C. F., Eisnian, S. H., and 
Yeoman, E. K., ,lni. J. .1/. .Sr.. 1947, v214, 493. 

Beceived October 24, 1949.1^2aEjrM., 1949. y72. 



Inhibition o£ the Urinary Excretion of 17-Ketosteroids by Garonamide 

(17505) 

Grosvenor )V. Bisseel, H. Paue Longstreth, akd Florence M. Gilbert, 
(Introduced bj^ David K. lililler) 

From the Department of Medici, te of the University of Buffalo, School of Medicine, and the 
Edu'ard J. Meyer Memorial Hospital, Buffalo, 1 ’. 


The renal excretion of penicillin has been 
effectively inhibited by the concomitant ad- 
ministration of the drug, Garonamide (4'-Car- 
boxyphenylmethanesulphonanilide) ( 1 ) . Caro- 
namide does so by inhibiting the transport 
mechanism responsible for the tubular e.x- 
cretion of penicillin.(2) It has been demon- 
strated that caronamide inhibits also the ex- 
cretion of paraaminohippurate and phenol- 
sulphonphthalein but has no effect on the 
glomerular filtration rate, the Tm of glucose 
or arginine, or the clearance of urea or sul- 
fonamides.(3) It was thought to be of in- 
terest to study the effect of this compound on 
the urinary excretion of 17-ketosteroids in 
man. 


Material and methods. The subjects stud- 
ied were hospitalized ambulatory patients re- 
ceiving the routine hospital diet. At no time 
during the study was any patient under any 
unusual “stress.” Twenty-four-hour urine 
collections were checked for accuracy by 
creatinine determinations. Determination of 
creatinine was by the method of Folin(4) 
and of 17-ketosteroids by the method of 
Fraser ct aL{5) 

Esp. 1. After a control period of 2-3 days, 
during which 1 7-ketosteroid levels were de- 
termined, 1 female and 3 male patients re- 
ceived 24 g of caronamide* in divided doses 


1, Beyer, K. H., Miller,. A. K., Kusso, H. F., 
P.-itcli, E. A., and Verwey, W. P., Jm. J. Fhtjswl., 


194:7, vl49, 355. 

2; Beyer, K. H., Science, 1947, rlOo, 94. 

3 Beyer, K. H,, Busso, H. P., Patch, E. A., 
TiUson, E. K., and Slianor, G., J. Fharm. and Exp. 
Xhcrap., 1947, rPl, 272. 

4 Folin, O., J. Biol. Chem., 1914, t17, 469. 
^Caronamide (Statacin) was kindly .supplied 

By Br. W. P. Boger, Sharpe & Dohme Co., Glcn- 

oldeji, E.J. 

5. Fraser, E. W., Eorli«, A. F., Albr.ght F., 
Sulkowiteh, H., Bcifenstem, E. C., .Tr., J. Chn. 
Endocrinol., 1941, vl, 234, 
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The inhibition of IT-kctosteroid excretion by the 
administration of earon.imide. The sudden rise in 
steroid c.xerction in the case of Patient J.B. on 
day 6 of the study mas appmenlly duo to the pa- 
tient’s forgetting to take all his drug on this day, 
which he admitted on questioning. 

per 24 hours. The female received the drug 
only 2 days; the males for longer periods. 
Each male had some degree of gastric distress 
toward the end of the drug period. Each 
subject had a sharp drop in the 17-ketosterotd 
level in the urine during the administration 
of drug, followed by a return to normal after 
a slight lag period (Fig. I). This “lag” is 
probably due to continued elevated levels of' 
caronamide due to accumulation of the drug, 
but since no blood caronamide levels were per- 
formed it is impossible to prove this point. 

Exp. 2. The injection of testosterone into 
the human is accompanied by an immediate 
increased e.xcretion of 17-ketosteroids.(6) -An 
experiment was devised to attempt to deter- 
mine whether this increased e.xcretion could 
be modified by caronamide administration. 

Patient I.G., a eunuchoid male who had 
been studied in Exp. 1, was given a single 
injection of 80 nig of cry'stalline testosterone 
in aqueous suspension! after a 48 hour con- 
trol period (Fig, 2). This was followed by a 
sharp increase in 1 7-ketosteroid output. Five 
days later, after the patient's steroid e.xcretion 

6. Porfman. B. I., and Hamilton, .1, B., .1. Clin. 
Inve.rl., 1939, vl8, CT. 

f Kindly supplied hr Dr. Gr-orpe Ha^cl, Abbott 
Babor.a lories, Korth Cliic.ngo, Illinoi^i. 
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exo- or endoerythrocx-tic infection during the 
j5-day obserx'ation period. 

The second e-xperiment included 45 week- 
old New Hampshire Red chicks, divided into 

3 groups of 15 birds each. Each chick re- 
ceived 0.01 mosquito equivalent of sporozoites 
injected into the pectoral region. The treat- 
ment schedule, dosage of aureomycin for each 
of the 3 groups (A, B and C) and blood smear 
examination was exactlj’’ the same as described 
for the preceding experiment. In the control 
series, all of the chicks had detectable para- 
sitemia S to 10 days after inoculation. Only 

4 of the 15 chicks in group A and 2 of the 15 
chicks in group B developed malaria. WTiere- 
as 11 of the 15 control chicks died of an over- 
whelming tissue infection, only 1 of the 30 
treated chicks died during the observation 
period of 35 days. 

Action against late exoerythrocytic forms. 
This e.xperiment included 15 New Hampshire 
Red chicks one week old at the time of inocu- 
lation with 0.01 mosquito equivalent of sporo- 
zoites of P. gaUinaceum. Five chicks were 
given aureom 3 'cin orally at 100 mg/kg twice 
daily for 7 days beginning at the time para- 
sites were first detected in the blood, which in 
this test was 9 or 10 days after inoculation. 
The other 10 birds were kept as controls. On 


the 13th da>' after infection 9 of the 10 control 
chicks were dead and autopsies of their brains 
showed an overwhelming e.xoeiythrocj'tic in- 
fection. (The remaining control chick sur- 
vived until sacrificed 31 da 3 'S after infection; 
no exoer 3 Throc 3 Tic parasites were demonstra- 
ble). One of the 5 aureom 3 ^cin-treated chicks 
died of an exQer 3 dhroc 3 'tic infection after 2 
doses of the drug. The other 4 treated chicks 
sundved until sacrificed 31 days after inocula- 
tion and no exoer 3 dhrocytic parasites were 
demonstrable at autopsx'. 

Although radical cures were not obtained, 
since erydhrocytic parasites were demonstrable 
beginning 4 to 8 da 3 's after cessation of treat- 
ment, aureom 3 uin was able to prevent death 
from exoerx'throcytic forms, a property pre- 
vioush- exhibited only b 3 ' certain 8-araino- 
quinolines (pamaquine and pentaquine), 
chlorguanide (paludrine) and sulfadiazine. (3) 

Summary. Aureomx'cin acted as a causal 
proph 3 dactic and was therapeutically active 
against erythrocytic parasites and late exo- 
erv'-throcytic forms of P. gaUinaceum in the 
chick. 

3. Greenberg. .1., Trcmblei', H. L., and Coatne.v, 
G. R., .till. J. Bpf)., in press. 

Received October 25, 1P4P. P.S.E.B.M., 1949, vTd. 


Aureomycin in Experimental Ghesson Strain Vivax Malaria. (17507) 

W. Clark Cooper, G. Robert Coatney, Clarence A. Imboden, Jr., and 
G. !M. Jeffery (Introduce by N. B. Eddy) 

From the Laboratory of Tropical Diseases, Sational Institutes of Health, Bethesda, ild. 


Aureom 3 'cin has been given a limited trial 
against sporozoite-induced Chesson strain 
'’ivax malaria in white male volunteers, and 
the results, although still incomplete, warrant 
a brief progress report. The procedures used 

1. Coatney, G. R,. Cooper, W. C., and Ruhe, 
D. 8.. .Im. J. Tturj., 194S, v47, 113. 

2, Co.ntney, G. R., Greenberg, .T.. Cooper, AY. C., 
anti Trenibley, II. L., Pnoc. Soc. Exp. Biol, .vkd 
Med., 1949, v72, 5SG. 

* Aureomycin was furnislied by courtesy of 
doctor Stanton M. Hardy, Ledcrle Laboratories 
division, .\inorican C.vananud Company. 


were those employed throughout our pro- 
gram of screening speculative antimalarial 
drugs.(l) \’'ery high dosages of aureomycin 
were given, approaching the range found by 
Coatney et al.(2) to be effective against Plas- 
modium gaUinaceum in the chick. 

Protective action. Two volunteers were 
each given S g of aureom 3 -cin* per day (I g 
every 3 hours) on the day of bites "by 10 
heavih' infected Anopheles quadrimaculafus 
mosquitoes, and for 6 dav's thereafter. The 3 - 
did not develop patent malaria until 30 and 
31 dav's after exposure, whereas 4 controls 
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Antimalarial Activity of Aureomyein Against Plasmodium gallinaceum 

in the Chick. (17506) 

G. Robert Coatney, Joseph Greenberg, W. Clark Cooper, and Helen Louise 
Trembley (Introduced by N. B. Eddy)' 

From the Laboratory oj Tropical Diseases, Ifational Institutes of Health, Bethesda, .\[d. 


During the routine testing of several anti- 
biotics for antimalarial activity, aureomyein 
was found active against Plasmodium gal- 
Unaceum in the chick. This is the first dem- 
onstration that aureomyein has activity 
against any malarial parasite. 

Actio/i against erythrocytic parasites (A-1 
test).(l) This series of experiments was 
designed to test for action against erythrocytic 
parasites. Week-old New Hampshire Red 
chicks were inoculated intravenously with 
16 X 10® parasitized erythrocytes. Treatment 
was begun 4 to 5 hours before inoculation and 
continued twice daily for 4 days. On the 
morning of the 4th day (day of inoculation 
is day 0) blood smears were examined and 
estimations made of the number of parasitized 
erythrocytes per W erythrocytes. In the 
first test aureomyein,* dissolved in water, was 


TABLE I. 

Activit.v of Aureomyein Against Blood-Iiiduccd 
Plasmodium oalliuaccum in the Chick. 


Exp. 

No. 


Dosage of 
aureomyein 
mg/kg ij.i.d. 
for 4 dar.s 


Parasitized r.h.c. 
in treated birds as 
compared ivitli con- 
trols (%) 


SO* 

80 

75 

1.50 

.sr.5 

75 

IS 

37.5 

75 

150 


121 

391 

4t 

GT 

SO 

33t 

C9 

G3 

44t 

IGt 


►Iittnamuscular: .all otlicr dosages oral. 

^ Tlie nrobabilltv of tliis reduction in parasitc- 
a occurring by chance is less tlian one in one 

adred. _________ 

L. Coatney, G. B., Scbrell W. H., in 

isclotrle T. A Survey of AnUmalanal Drugs, 
fl 19i5 J W. Edwards, Ann Arbor, Alicb., 1946, 
> Aureomyein was kindly supplied through the 
„'tesT of Doctor d. >1. Buegsegger of the 
derle Laboratories Division, American Cyanamid 


administered by injection into the pectoral 
muscles at a dose of 80 mg/kg. This regimen 
resulted in a significant reduction in para- 
sitemia (Experiment I, Table I). The chicks 
gained weight normally and there was no evi- 
dence of tissue damage at the site of inocula- 
tion. In Experiments 2, 3, 4 and 5 the aureo- 
mycin was administered orally. .As shown in 
Table I, 75 mg/kg in all instances resulted in 
a pronounced reduction in parasitemia. Per 
unit weight the drug is thus approximately 
one- fourth as effective as quinine.(l) 

Action against early exocry throcytic para- 
sites (A-2 test).(l) The first test for causal 
prophylaxis included 30 chicks. New Hamp- 
shire Reds, one week old, divided into 3 
groups of 10 birds each. Each chick re- 
ceived one mosquito equivalent of sporozoites 
injected into the pectoral region. (2) Treat- 
ment svas begun 4 to 5 hours before inocula- 
tion and continued twice daily for 4 days. 
Group A received aureomyein orally at a 
dosage of 75 mgAg twice daily, group B 
received 150 mg/kg twice daily, and group C 
served as the control. Blood smears were 
e.xaniined daily from the 7th through the 20th 
day, then every other day through the 3Sth 
day after inoculation. All control birds had 
detectable erj'throcytic parasites between the 
7th and 9th day after inoculation. Seven of 
the 10 birds in group A developed infections, 
the first on the 9th and the last on the 15th 
day after inoculation; in 50% of the group 
patency was delayed for 6 days be}'ond that of 
the controls. In group B, only 5 of the 10 
birds developed patent infections, the first 
on the 11th day and the last on tlie 22nd day 
after inoculation. Whereas 9 of the 10 con- 
trol birds died of an overwhelming exoerj’th- 
rocytic infection (days 9 to IS), only 5 of the 
20 treated chicks died as a result of cither 

2. Coatiipy, G. R.. Cooper, W. C., niul Trembler, 

It. L., Jm. /. Hi/.a., D’-f5. v42, 323. 



Influence of Time of Ingestion of Essential Amino Acids upon Main 
tenance of Nitrogen Balance.* (17508) 

Robert W. Wissler, Laurence E. Frazier, and Robert E. Slayton. 
From the Department of Palholoey, The University oj Chicago. 


.Accumulating evidence supports the as- 
sumption that all of the essential amino acids 
must be available in the diet simultaneously 
for grovrth or vreight gain. (1-4) Previous 
e.\periraents from this ]aboratorj'(3) demon- 
strated that protein-depleted rats did not gain 
weight when 2 incomplete essential amino acid 
mixtures (which when mixed constituted a 
complete mixture) were offered in rotation 
even an hour apart. However, because of the 
abrupt loss of appetite resulting from feeding 
rations deficient in one or more essential 
amino acids, (5) it was difficult to ascertain ' 
how much of the recorded loss of body weight 
was due to inanition and how much to failure 
of supplementation of one deficient mixture 
by the other. Similarly poor food consumption 
may have influenced the results of others w'ho 
have reported similar e.xperiments in the 
weanling rat. (1,2) In view of the theoretical 
and practical importance of this problem to 
man, whose appetite apparently is not 
reduced so greatly by the absence of a com- 
plete mixture of the essential amino acids, the 
present experiment was performed. It was 
planned so that the alternate ingestion of 2 

' Tile rcsearcli which tins p.iiier reports was 
umJertahen in cooperation with the Naiw Depart- 
ment Office of Naval Research. Tiie views or con- 
clusions contained in tliis report are those of the 
autliors. Tlicy arc not to he construed as neces- 
sarily reflecting tlie views or indorsement of tlie 
ti.ir Department. The work has keen aided, also, 
by the National Livestock and Meat Board, and 
b.v tile Douglas Smith Foundation for Medical 
Research of the University of Chicago. 

. 1- Berg, C. P., and Rose, XV. C., J. Biot. Chem., 
v82, 479. 

2. Geiger, E., J. Nutrition, 1947, v34, 97. 

3. Cannon, P. R., Steffee, C. U., Rowley, D. A., 
and Stepto, R. C., Fed. Proc., 1947, vC, 390. 

L Henderson, R., and Harris, R. S., Fed. Proc., 
1949, v8, 385. 

5. Frazier, L. E., XVisslcr, R. W., Stcffco, C. H., 

2?. Cannon, P. P., J. Xvtrition, 

1947, v33, 63. 


incomplete essential amino acid mixtures, 
which together contained all 9 amino acids 
essential for growth and maintenance of the 
rat, (5-8) could be accompUsbed while all food 
constituents were being supplied at an ade- 
quate level. 

Plan. Two groups of 6 adult male Sprague- 
Dawlejf rats of comparable weight and age 
were force fed all of their food at 12 hour 
intenals for 14 days. For 7 days the first 
group received alternately ration 5.A. contain- 
ing 5 of the 9 essential amino acids and ration 
4A containing the other 4 essential amino 
acids. During this period the second group 
received at each feeding a complete ration 

TABLE I. 

Amino Acid Composition of Mixtures Force Fed 
Normal R.sts. 

Rations 


MAA 4A oA 
Amino acids g per 100 g of dry ration 


DL Isolencine 

.66 

1.32 



L (-f) Lysine HCl 

.16 

.32 

— 

DL Phenvlalanine 

.15 

.31 

— 

DL Tryptophane 

.06 

.11 

— 

L (+) Histidine HCl 

.08 

— 

.15 

L (-P) licueine 

.21 

— 

.41 

DL Methionine 

.19 

— 

.37 

DL Threonine 

.27 



.55 

DL Valine 

.51 

— 

1.03 

Total essential 

2.29 

2.06 

2.51 

DL .Alanine 

.58 

.58 

,58 

L (-f) Arginine HCl 

.51 

.51 

.51 

Aspartic acitl 

.05 

.65 

.65 

L ( — ) Cj-stinc 

.04 

.04 

.04 

L (-h) Glutamic acid 

2.44 

2.44 

2.44 

Glvcine 

.0.1 

.05 

.05 

L ( — ) Tyrosine 

.06 

.66 

.66 

Total aon-cssential 

4.93 

4.93 

4.93 

0. Rose, W. c., Phys. 

Pev., 

1938, vis, 109. 



7. Benditt, E. P., Humphreys, E. M., Strauhe, 
R. L., XVissler, R. W., and Steffee, C. H-, J. Kvtri- 
lion, 1947, v33. So. 


8. XVissler, R. W., Steffee, C. H.. Frazier, L. E., 
XVoolridge. R. L., and Benditt, E. P., .7. Xutrition, 
1948, v3G. 245. 



TABLE I. 

Effuet of A uroouiyeiii on 4 rriiii.-iry Attnclta of Clicssoii Strain Vivax Malaria in Volunteers Bitten by 10 Infected Mosquitoog on 30 August, 104!). 

Voluulecr No. 248 252 253 254 
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bitten by the same mosquitoes had patent 
infections beginning 12 to 14 days after ex- 
posure. In 92 similarly infected controls of 
previous tests positive blood smears appeared 
10 to 16 daj's after e.xposure '(mean 12.0 rb 
0.15). The dela)' in the aureomycin-treated 
subjects is interpreted as indicative of anti- 
plasmodial action although complete prophy- 
laxis was not attained. 

Therapeutic action. The 4 controls from 
the foregoing experiment were treated with 
aureom 3 'cin. The original plan was to give 2 
patients 8 g per day for 7 daj's and 2 patients 
4 g per da}”^ for 14 daj's. The higher dosage 
caused nausea and vomiting in patients with 
active malaria, so that at times administration 
bj' vein was necessary. As shown in Table I, 
parasite densities in the blood increased and 
fever continued unabated until the 5th to 6th 
day of treatment, when the parasite counts 
in all subjects dropped precipitously". Un- 
fortunately, because of the apparent lack of 
response, quinine sulfate therapy was begun 
on September 19, after the drop in parasite 
counts had occurred, but before the slides had 
been examined. This prevents knowledge of 
how soon aureomj'cin alone might have re- 
sulted in negative blood smears. The point is 
academic, however, because the action against 
erythrocytic parasites, although significant in 
primary^ attacks, is far too stow for practical 
usefulness. Relapses occurred in all of the 4 
subjects within 10 to 14 days after the com- 
pletion of quinine therapy' (2 g per day' for 7 
days). Aureomycin, therefore, does not 
eradicate the fixed-tissue stage of P. vivax. 

Suminary. Aureomycin, although not a 
causative prophy’laclic against the Chesson 
strain of P. vivax, delayed the appearance of 
malaria in volunteers for at least 2 weeks as 
compared with controls. When given thera- 
peutically in high dosage, the antibiotic had a 
delayed action against ery'fhrocytic parasites, 
too slow to be of practical value. Infections 
were not cured. ___ 

Received OL*tol)er 25. 1040. P.S.E.Il.N.. 1040, 
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mate]}' 260 mg for the 7 day period. On the 
other hand the rats receiving the complete 
ration each feeding almost maintained their 
mights and showed slightly positive nitrogen 
balances. This latter finding confirms the con- 
clusion that the IMAA ration is barely ade- 
quate to maintain nitrogen balance and weight 
when fed at the calorie level of 1200/1M~. 
The results were essentially similar in each 
period. Thus the two sets of data gained by 
interchanging the diets after 7 days act as 
mutual checks and minimize the influence of 
the factors of time and animal variation. The 
fecal nitrogen values were not appreciably 
altered by the divided feeding of the essential 
amino acids. Furthermore, the total nitro- 
gen ingested proved to be quite similar in the 
2 groups during the 2 periods var}'ing from 
944 to 998 mg per rat for each 7 days. There- 
fore, the increased urinarc' nitrogen e.vcreted 
by the rats receiving the essential amino adds 
in two feedings of incomplete mi-vtures at 12 
hour inten’als accounted almost entirely for 
the negative nitrogen balance which these 
animals e.'chibited. It is interesting to note 
that the difi'erence between the aimrage 7 day 
urinarj' nitrogens of the rats receiving the 
incomplete rations in rotation and those re- 
ceiving the complete mixture each feeding 
was 359 mg. This is slightly greater than 
the total essential amino nitrogen of 316 mg/ 
week which each rat received. 

Dhciissiou. These results suggest that the 
normal adult rat is unable to store even tem- 
porarily an incomplete mixture of amino adds 
for later use. Nor does there appear to be a 
means of drawing upon the abundant labile 
protein reserves(Il) for a certain specific 

11. M.idden, .S, C., and Whipple, J. H., Plivsiol. 
^<r., 1940, vCO, 194. 


amino acid or certain amino acids which are 
absent from the diet. These data, therefore, 
confirm those reported for the protein-depleted 
rat(3) and suggest the rat’s loss of appetite 
w'as probably a good indication of a lack of 
supplementation of the one deficient ration by 
the other. The only other nitrogen balance 
determinations done under conditions of de- 
layed supplementation of which we are aware 
are those df Elman (12) who gave dogs rij^pto- 
phane-deficient hydrolysates intravenously fol- 
lowed 6 hr later b}' triptophane intrai'enously. 
Under these circumstances he noted a nega- 
tive nitrogen balance. His experiments were 
not influenced by the speed of intestinal ab- 
sorption or any problem of differential ab- 
sorption of amino acids. Therefore it is of in- 
terest that the same tjpe of result is obtained 
by oral force feeding in the rat if the stomach 
is allowed to empty before the supplementary^ 
ration is given. This inability of the normal 
adult animal to make up for an essential amino 
acid deficient even for a short time makes it 
even more important to avoid oral or paren- 
teral feedings made up principally of incom- 
plete proteins or amino acids especially during 
disease or convalescence. Further studies are 
needed to determine the source of the excess 
urinary' nitrogen which is e.xcreted under these 
circumstances. 

Summary. The norma) adult rat is unable 
to derive adequate nutritional value from an 
incomplete essential amino acid mixture w'hich 
is supplemented 12 hours later by the missing 
amino acids even when attention is paid to 
strict equalization of the intakes of all food 
constituents. 

12. Elman, R., Peoc. .Soc. Exp. Biol, axd IIed., 
1939, v40, 484. 

Receu-pil October 2.S, 1949. P.S.E.B.Sf.. 1949. v72. 
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TABLE II. 

LUrogcn Balance and ITeiglit Changes in Rats Force Fed Incomplete Amino Acid Rations 
Altetnately. 



An53n.al 

No. 

Wbg 


1st 7 days 



2ml 7 days 


Diet 

Iff gain 
or loss, g 

N ba!., mg 

Diet 

IVtgnin 
or loss, g 

\ 

X bal.. mg 

1 

32, -5 

lA, 

—13 

—303 

MAA 

— 1 

+ 37 


32S 

,5A 

—13 

—214 

every 

— y 

-i- S3 

3 

300 

.alteniatctl 

— 7 

—328 

12 

— 1 

-4- ir. 

4 

313 

QVCi'V 

—15 

—226 

hr 

_ _ »•> 

S3 

y 

30.5 

12 

— 9 

—264 


+10 


0 

322 

)ir 

—15 

—276 


+ .1 

+ 01 

Avg 

,317 


—12 

— 2G9 


+ 2 

+ 63 

7 

332 

ICAA 

— S 

+ 33 

4A. 

—10 

— 2S5 

s 

319 

every 

o 

-f 50 

y A. 

—12 

—22.7 

9 

32^ 


o 

4“ ^ 

nlfcriiatcd 

—13 

—316 

10 

.333 

12 

±i 0 

-f 41 

ev'crv 

—17 

—241 

n 

317 

lir 

o 

+ 9 

12 

—12 

—201 

12 

SOS 


— 1 

-f- 71 

hr 

—13 

—301 

Avg 

323 


— 3 

’"f" 3*> 


—13 

—202 


(MAA) containing the 9 essential amino acids. 
The rations were prepared so that all of the 
rats would receive equal quantities of all 
amino acids as well as the other food constitu- 
ents every 24 hours, the only difference being 
the time of ingestion of the essential amino 
acids. During the second 7 day period the 
rations were interchanged so that the first 
group received the complete mixture and the 
second group received the alternating incom- 
plete rations. Nitrogen balances and weight 
changes were measured for each 7 day period. 

Rations, method of feeding and nitrogen 
balances. The quantities of amino acids in 
the 3 rations are sboum in Table I. The quan- 
tities in the complete ration (M.AA) were de- 
rived from data recently obtained in this 
laboratory.fP) They represent the minimum 
quantities of each essential amino acid neces- 
sary just to maintain weight equilibrium when 
fed at the daily level of appro.ximately 3,6 g 
of amino acids (1. 15 g essential and 2.45 non- 
essential) per kg of body weight and about 
1200 calories per 11- of surface area. The con- 
centrations of essential amino acids in each of 
the other rations (5A and 4A) were double 
those in in order to make the total daily 
intakes equal. The remainder of each of the 


R. h., steftw, 

I., ami Franer, L. E., tinpuW.shcd data. 


rations in the “dry” form was made up of 
dextrin 64%, com oil 4%, ruffe.\' 5%, salt 
mixture 4%, water 16% and vitamins in 
quantities previously reported. (5) Each of 
the “dr}'-” rations was dilated with additional 
water to make a thin soup which was thor- 
oughly mixed in a Waring Blender and fed 
in 13 ml quantities each feeding. This quanti- 
ty supplied about 3.84 g of amino acids per 
kg and 12S0 calories per M* of surface area 
per 24 hours. The rations were force fed by 
the method of Shay and Gruenstein.(lO) The 
rats were adapted to this method of alimenta- 
tion during a preliminary 6 day period by 
force feeding gradually increasing quantities 
of the M.A.A ration to each rat. Nitrogen 
balances were determined by methods pre- 
viousl}-- described. (8) Fecal and urfnaiy ni- 
trogens were determined separateh'. Nitrogen 
intake was" estimated by means of Kjeldahl 
determinations on multiple aliquots of the 
diluted rations. 

Results. A brief summarj' of the e.xperimen- 
tal results is presented in Table 11. The in- 
gestion of the two incomplete amino acid 
mixtures at 12 hour ititer\’als led to a weight 
loss of about 2 g per day per rat and an 
average negative nitrogen balance of approxi- 

10. SiKiy, II., ami Gromistein, .M.. A. A"!'. 

Clin. .Ved., 1940. rlGO, 429. 



Alternating Feeding of Amino Acids 


591 


mately 260 mg for the 7 day period. On the , 
other hand the rats receiving the complete 
ration each feeding almost maintained their 
weights and showed slightly positive nitrogen 
balances. This latter finding confirms the con- 
clusion that the iLA.^, ration is barel}’- ade- 
quate to maintain nitrogen balance and weight 
when fed at the calorie level of 1200/hI-. 
The results were essentially similar in each 
period. Thus the two sets of data gained by- 
interchanging the diets after 7 days act as 
mutual checks and minimize the influence of 
the factors of time and animal variation. The 
fecal nitrogen values were not appreciably 
altered by the divided feeding of the essential 
amino acids. Furthermore, the total nitro- 
gen ingested proved to be quite similar in the 
2 groups during the 2 periods varying from 
944 to 998 mg per rat for each 7 days. There- 
fore, the increased urinary nitrogen excreted 
by the rats receiving the essential amino acids 
in two feedings of incomplete mixtures at 12 
hour interv'als accounted almost entirely for 
the negative nitrogen balance which these 
animals e.xhibited. It is interesting to note 
that the difference between the average 7 day 
urinary' nitrogens of the rats receiving the 
incomplete rations in rotation and those re- 
ceiving the complete mi.xture each feeding 
was 359 mg. This is slightly' greater than 
the total essential amino nitrogen of 316 mg/ 
week which each rat received. 

Dlsaissiou. These results suggest that the 
normal adult rat is unable to store even tem- 
porarily' an incomplete mixture of amino acids 
for later use. Nor does there appear to be a 
means of drawing upon the abundant labile 
protein reser\’es(ll) for a certain specific 

11. Madden, S. C., and Whipple, J. H., Phtisiol. 

1040, v20, 194. 


amino acid or certain amino acids which are 
absent from the diet. These data, therefore, 
confirm those reported for the protein-depleted 
rat(3) and suggest the rat's loss of appetite 
was probably' a good indication of a lack of 
supplementation of the one deficient ration by' 
the other. The only other nitrogen balance 
detenninations done under conditions of de- 
lay'ed supplementation of which we are aware 
are those df Elman ( 12 ) who gave dogs try'pto- 
phane-deficient hydrolysates intravenously' fol- 
lowed 6 hr later by try'ptophane intravenously'. 
Under these circumstances he noted a nega- 
tive nitrogen balance. His experiments were 
not influenced by the speed of intestinal ab- 
sorption or any' problem of differential ab- 
sorption of amino acids. Therefore it is of in- 
terest that the same ty'pe of result is obtained 
by' oral force feeding in the rat if the stomach 
is allowed to empty' before the supplementary' 
ration is given. This inability of the normal 
adult animal to make up for an essential amino 
acid deficient even for a short time makes it 
even more important to avoid oral or paren- 
teral feedings made up principally of incom- 
plete proteins or amino acids especially during 
disease or convalescence. Further studies are 
needed to determine the source of the e.xcess 
urinary' nitrogen which is e.xcreted under these 
circumstances. 

Summary. The normal adult rat is unable 
to derive adequate nutritional value from an 
incomplete essential amino acid mixture which 
is supplemented 12 hours later by' the missing 
amino acids even -when attention is paid to 
strict equalization of the intakes of all food 
constituents. 

1'2. Ehnnn, R., Peoc. Soc. Exp. Biol. .\xd JIed., 
1939. v40, 4S4. 

Received October 25, 1949. P.S.E.B.M.. 1949, v72. 
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Alternating Feeding of Amino Acids 


■V—i. T» 

^ltroecn Balance and Weight Changes in Eats Force Fed Incomplete Amino Acid Eaiions 
Alternately. 


Animal 

No. 

IFbg 


1st 7 days 



2nd 7 days 


Diet 

Wt gain 
or loss, g 

N b.il., nig 

Diet 

IVt gain 

Or loss, g 

\ 

X b.il.. mg 

1 

32.5 

4A, 

—13 

—303 

MAA 

— 1 

4- 37 

2 

,328 

5A 

—13 

—214 

ovovv 

O 

-i- So 

3 

300 

alternated 

— 7 

—328 

12' 

— 1 

4- 

4 

313 

every 

—13 

— 22G 

hr 

v-> 


5 

30.5 

12 

— 9 

— 2G4 


-i-10 


G 

,322 

hr 

—15 

—276 


+ d 

-f- 91 

Avg 

.317 


—12 

— 2G0 


-1- 2 

+ 63 

7 

332 

MAA 

— S 

+ 33 

4A, 

—10 

— 2S.5 

s 

319 

every 

__ O 

4^ 50 

.5A 

—12 

—22.5 

9 

322 


o 

-f- 7 

alternated 

—1.3 

—330 

10 

333 

12 

± 0 

-f 41 

every 

—17 

—241 

11 

33 7 

lir 

2 

4' 0 

12 

—12 

—201 

12 

308 

* 

— 1 

+ 71 

lir 

—13 

—.301 

Arg 

322 


— 3 

+ 35 


—13 

—202 


(MAA) containing the 9 essential amino acids. 
The rations were prepared so that all of the 
rats would receive equal quantities of all 
amino acids as well as the other food constitu- 
ents every 24 hours, the only difference being 
the time of ingestion of the essential amino 
acids. During the second 7 day period the 
rations were interchanged so that the first 
group received the complete mixture and the 
second group received the alternating incom- 
plete rations. Nitrogen balances and weight 
changes were measured for each 7 day period. 

Rations, method of feeding and nitrogen 
balances. The quantities of amino acids in 
the 3 rations are shown in Table I. The quan- 
tities in the complete ration (M.AA) were de- 
rived from data recently obtained in this 
laboratory. (9) They represent the minimum 
quantities of each essential amino acid neces- 
sary just to maintain weight equilibrium when 
fed’ at the daily level of approximately 3.6 g 
of amino acids (1.15 g essential and 2.45 non- 
essential) per kg of body weight and about 
1200 calories per of surface area. The con- 
centrations of essential amino acids in each of 
the other rations (SA and 4A) were double 
those in hL-U in order to make the total daily 
intakes equal. The remainder of each of the 


E. h., stfiTc.-, 

I. n., and Frazier, L. E., m>p"blishca dat.i. 


rations in the “dry” form was made up of 
dextrin 64%, com oil 4%, niffe.x 5%, salt 
mixture 4%, water 16% and vitamins in 
quantities previously reported. (5) Each of 
the “dry" rations was diluted with additional 
water to make a thin soup which was thor- 
oughly mixed in a Waring Blender and fed 
in 13 ml quantities each feeding. This quanti- 
ty supplied about 3.84 g of amino acids per 
kg and 1280 calories per hP of surface area 
per 24 hours. The rations were force fed by 
the method of Shay and Gruensfem.( tO) The 
rats were adapted to this method of alimenta- 
tion during a preliminary' 6 day period by 
force feeding gradually increasing quantities 
of the hlA.^ ration to each rat. Nitrogen 
balances were determined by methods pre- 
viously' described. (8) Fecal and urinary ni- 
trogens w'ere determined separately. Nitrogen 
intake was- estimated by means of Kjeldahl 
determinations on multiple aliquots of the 
diluted rations. 

Rcsnlts. A brief summary' of the experimen- 
tal results is presented in Table II. The in- 
gestion of the two incomplete amino acid 
mixtures at 12 hour intervals led to a weight 
loss of about 2 g per day per rat and an 
average negative nitrogen balance of appro.vi- 

10. Sliav, H., .111(1 Griu'n«tciii, Jt.. -L /-"t'. 'i'"t 
Clin. 3[cd., 1940, rlOG, 429. 
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peared. The changes can be repeated several 
times if one is careful to avoid a hot illu- 
minating light and the conjunctiva is pre- 
vented from drj’ing with occasional drops of 
Ringer’s solution. If the stimulation is con- 
tinued for 60 seconds the sludging effect lasts 
five to six minutes and some clumping may 
be seen in the opposite eye. 

Local application of 3 to 4 drops of epi- 
nephrine (1:10,000-1:50,000) produces a 
similar effect for a short time. A dilution of 
1 ; 1 ,000 usually produces prolonged stasis and 
a hea\y sludge in most of the superficial ves- 
sels. One is immediateh’’ led to believe that 
the temfmrarj' hemostatic effect of epinephrin, 
so often used by surgeons, is not only due to 
contraction of the vessels, but also due to the 
Creation of the multiple small “sludges” and 
only in some cases by thrombi in the vessels 
affected by the drug. Thus we have two 
mechanisms rather than one in the creation of 
hemostasis with local epinephrin when ap- 
plied topically. The release of the corklike 
masses of “sludge” with dilatation of the 
Vessels as the effect of the drug wears off may 
be an additional factor in the rather tem- 
porary character of the hemostasis produced 
in this way. A generalized “sludging” effect 
is produced by intravenous injection of epi- 
nephrin. Depending upon the speed of in- 
jection and the strength of the solution 
(1:1,000,000-1:10,000) almost any degree of 


blood “sludging” can be produced in a few 
seconds. Minute doses produce the faintest 
demonstrable clumping of the red blood cells, 
but increasing the dosage produces more and 
larger aggregates of cells until there is com- 
plete arrest of blood flow in the peripheral 
and central circulation with death of the ani- 
mal. Very occasionally there are changes in 
capillary' wall permeability’ which permits a 
few red cells to escape into the tissues. (Fig. 
2, upper right). The effect of Nor-adrenalin 
is similar to epinephrin, but the response is 
much more transient. 

Intravenous injection of novocaine in small 
doses nill often reverse the sludging process, 
at least for a time, but this varies with the 
concentration of novocaine and the speed of 
injection. Further elaboration of the above 
e.xperiment in various parts of the body and 
the various diseases now being studied for 
“sludge” should be interesting and illuminat- 
ing. 

Since fright or anxiety' can produce stimu- 
lation of the sy-mpathetic system (4) and 
blood sludge can be produced by’ sympathetic 
stimulation and since “blood sludging” has 
already been obser\’ed in psychotic states(2) 
one can not help calling attention to the pos- 
sible occurrence of “blood sludge” and its 

4. Cannon. W.ilter B.. Bodily Cliauyrs in Fcnr, 
Bxmgcr, nnd Bagc, D. .\imleton, 1929. 
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Capillary Circulation with Changes in Sympathetic Activity.* I. Blood 
Sludge from Sympathetic Stimulation. (17509) 

Edmund P. Fowler/ Jr. (Introduced by W. S. Root) 

From the Department of Otolaryngology, College of Physicians and Surgeons, Columbia 

University, Xesv York 'City. 


A stud}'^ of the effects of sympathetic stimu- 
lation on the blood vessels of the conjunctiva 
of cats was undertaken incidental to some 


work on the physiological response of the 
nasal mucous membrane, but the findings 
seem of such general interest that it has been 
decided to report them separately. Suffice it 
to say here, that changes similar to those 
found in the blood vessels of the conjunctiva 
have been observed in the frontal sinuses and 
in the bullae of the middle ear as well as in 
the blood vessels of the fascia of the scalp. 
These latter regions are much more difficult 
to observe than are conjunctivae and there is, 
of course, much more tissue trauma in the 
preparation of these areas. This trauma can 
in itself produce blood sludging.(l) 

Methods. Normal adult cats were anes- 
thetized with veterinary nembutal, 30 mg per 
kilo intraperitoneally. The cervical sympa- 
thetic trunks were isolated for stimulation 
with a 60 cycle transformer resistance stimu- 
lator using 110 v. A.C. After tracheotomy, 
the cat’s head was held firmly with a Griinfest 
head holder. The conjunctivae were made 
more accessible by slitting the external canthi 
with scissors and retracting the upper lids 
with traction sutures. The vessels of the eye 
were observed through a dissecting micro- 
scope (Leitz X60-X120 magnification) using 
direct illumination from a dissecting lamp 
with two heat absorbing glass filters. The re- 
sult is a clear view of venule and capillary 
circulation (Fig. 1). The arterioles are 
deeper and harder to see and are therefore not 
included in the diagram. The intact cervical 
sympathetic trunk was lifted gently from its 
bed and was stimulated on the observed side 
Avith sufficient current (j4 to volt) to pro- 
duce Avidening of the pupil. 


* This Avork atos supported hy .A grant from the 
[Jnitcd States Public Hc.altU SerAuce. 

1 Kniselv, Melvin H., Eliot, Theodore S., .and 
Bloch, Edward, Arch. Surg., 1945, v51, 220. 


Observations. Within a few seconds after 
cervical sympathetic trunk stimulation the 
arterioles and many of the venules of the 
conjunctiva can be seen to decrease in caliber. 
The red cells in the finer capillaries disappear 
or become ver}-^ sparse. jMeamA-hile the Aoav 
in the v'enules and in at least some of the 
arterioles is markedly retarded, but in addi- 
tion there are changes in the blood itself 
(Fig. 2). The blood cells cluster into clumps 
Avhich appear identical AAOth those described 
by Knisely ct al.(2) as “blood sludge,” i. c., 
adherent aggregates of cells rather than or- 
dinary rouleaux. As mentioned above, in some 
vessels the blood flow stops, but in a few 
venules, precapillaries, and capillaries it may 
reverse. This must be due to the arterio- 
venous shunts as has been described by 
Zweifach(3) and others. In somewhat larger 
vessels the floAv continues, as a rule, in the 
same direction, but at a reduced rate. During 
stimulation almost all the blood cells in these 
vessels appear “clumped.” In a few fields the 
clumps of blood cells can be seen squeezing 
out of a small constricted vessel into a larger 
vessel like cylinders of tooth paste coming out 
of a tube. These C 3 dinders of clumped celis 
do not, as a rule, disintegrate on entering the 
next larger vessel in AA’hich blood floAV con- 
tinues more rapidly. After IS seconds of 
stimulation the “sludging” effect increases for 
scA'cral seconds and then slowly disappears 
after 2 to 3 minutes Avith a return to normal 
of the caliber of most of those vessels AA-hich 
had been constricted. Later there seems to 
be dilatation of some of the A'essels. At first, 
return to normal floAV is observed in the larger 
A'essels, then extending to the smaller vessels 
until all elements of the “sludge” have disap- 

2. Knisely. Melvin 11., Eliot, Theodore S., Elocli, 
EdAA-ard, nnd Warner, Louise, Science, 1947. vlOO, 
Xo. 2758. 

a. ZAvcifacli, Benjamin AV., Am. J. Anai., lOtt,, 
vGO, 473..- 



Quantitative Estimation of the Capillary Circulation 
Photomultiptier -tube 



Fluoro- ilium inometer 

riG. 1. 

Fluorescence ineusuring device. (Not drawn to scale). 


fluoro-illuminometer (F-I) consists essentially 
of a metal ‘‘Y” tube which sen'es as a rigid 
holder for a UV light source, photocell and 
filters (Fig. 1). The light source is a small 
4 watt mercuiy vapor lampt operating on 
stabilized rectified current of 20-24 volts. A 
Corning No. 5874 filter secured beneath the 
lamp absorbs the visible and transmits the 
UV radiation between A 310-410 mu, with a 
peak transmission at A 365 The trans- 
mitted CV actuates the specimen surface to 
fluorescence. The emitted fluorescence and 
an undetermined fraction of reflected OT 
passes normal to the specimen surface through 
an interference t3T>e filter? which functions 
as a monochromator, transmitting a band of 
green light which peaks at A 525 m/i. Thus, 
only the fraction of radiation from the speci- 
men surface corresponding to the peak emis- 
sion of fluorescein fluorescence reaches the 
multiplier phototube.^ The photo current is 

~ General Electric, 300 BL EP12. 

t Half widtU 15±5 m^; Farrand Optical Co., 
Inc., New York City. 


read from a sensitive spotlight galvanometer.il 
.Vn Ayrton shuntli included in the circuit per- 
mits the utilization of the full galvanometer 
scale over wide fluctuations of fluorescence in- 
tensity without altering phototube sensitivity. 
The high sensitivity of the photomultiplier 
lube more than compensates for the rather 
great transmission loss (60-70%) by the inter- 
ference filter. Standardization of the ap- 
paratus is accomplished by the use of 'a stable 
reference material consisting of a 2" x 2" 
piece of green fluorescent glass** seated in a 
close fitting holder over a thin sheet of 
polished aluminum foil (Fig. 2). .A primary 


J ECA 1P21. 

llBubicon: Sensitivity = .002 /la/mni; Eesis- 
tance — 4S00 okms; CDEX = 110,000 ohms. 
The phototube and housing, power supply, control 
unit and galvanometer were purchased as an 
integrated unit from Farrand Optical Co., Inc., 
New York City. 

Leeds and Northrop No. 21G4, 100.000 ohms. 

*• Canary glass No. 3750, Coming Glass IVorks, 
Coming. N.Y. 
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consequences from emotional stimulation of 
the sympathetic pathways in the many dis- 
eases thought to be psychosomatic. 

Summary. Stimulation of the cer\'ical sym- 
pathetic trunk, application of local epineph- 
rin, and injection of epinephrin intravenously 
has been found to produce, not only the clas- 
sical picture of decreased circulation from nar- 
rowing of the vascular bed, but also what 
looks like blood "sludge’’ within the vessels. 


It is suggested that this may be of interest 
to those studying small vessel circulation and 
“sludge” and may have applications in gen- 
eral surgery, general medicine, and ps.vcho- 
somatics. 

The author -was assisted in these studies hy Drs. 
Eobert D. O’ilnlley, ■William A. .larrett, and 
Octa C. Leigh. 

Beceived October 25, P.S.E.B.JI., 1049, vIO. 


Quantitative Measurement of Cutaneous Fluorescein Fluorescence as 
Indicator of the Capillary Circulation.'* (17510) 

Alfred A. Schiller 

From the Department oj Physiology, University oj Illinois College oj Medicine, Chicago, 111. 


When sodium fluorescein is administered 
intravenously, it rapidly enters the interstitial 
fluid compartment. Due to its strong green 
fluorescence, its presence can be readily de- 
tected even in low concentrations when the 
skin, mucosa, or the surface of organs are 
viewed in suitably filtered long wave W in a 
darkened room. Recently the passage of 
fluorescein into the interstitial fluid spaces 
was described as a function of capillary 
permeability. (1,2) However, no conclusive 
experiments designed to demonstrate this 
relationship have appeared in the literature. 
Although the specific factors regulating the 
passage of the dye through the capillary wall 
are not known -nuth certainty, it can be clearly 
demonstrated that the patterns of cutaneous 
fluorescence, with respect to time and in- 
tensity. strongly mirror the capillary status 
of the region observed. Thus, intracutaneous 
epinephrine prevents fluorescein fluorescence 
at the site of injection, whereas histamine, ace- 
tylcholine, heat, etc. augment fluorescence. (1- 
4) Further, the intensity of fluorescence is 


‘Supported by a gr.mt iu aid from tlic 
graduate Scliool Eesearcb Board. 

1 Bufcantz, S. 0., aud Baromin, G. J., Science, 

A., vs, 139. 

4. SeliiUcr, A. A., to bo publi.^.cd. 


quantitatively related to the concentration of 
the intracutaneously administered drugs as 
well as the amount of intravenously ad- 
ministered dye. (1,3) On the basis of this 
cursory relationship between fluorescein 
fluorescence and vascularity, it seemed worth- 
while to refine methods of accurately measur- 
ing fluorescence m vivo with the intention of 
proNuding an objective tool for the quantitative 
study of the capillary circulation in phj'sio- 
logicaH3'^ intact preparations. .Although Lange 
and Krewer(5) andCrismon and Fuhrman(6) 
have measured cutaneous fluorescein fluo- 
rescence by quantitative methods, e.xperience 
nith components of their apparatus iiave 
shown that they lack sufficient sensitivity and 
control to warrant usefulness as precision 
detectors of minute changes in fluorescence. 

The instrumentation and methods reported 
herein are a modification of a procedure used 
for the determination of fluorescence in 
solids,(7) operating in principle similar to 
that of the dermofluoronieter.(S) 

Description of the .■Ipparatus. The fluo- 
rescence measuring device designated as the 

5. Lange, K., and Krewer, S. E., ■/. Foh. nnd 
Clin. Med., 1943, v28, 191C. 

C. Crismon, J. M., and Fuhrman, F. A., J. Clin. 
Inrest., 1047, v20, 259. 

7. ScUiUeT, A. A., and Ceccinni, L. P., IVoj.-of 
NM 001 OOS, Eeport No. 3, 21 July, 1P4S, Nav.-iJ 
Medical BesenreU Inatitntc, Bctlicsd.a, .Maryl.mid. 



Quantitatwe Estimation of the Capillary Circulation 


597 

I 




XAVi. O. ^ ^ 

TTV photograph of 'whealed rabbit’s abdomen 9 min. after i.v. fluorescein {cf. Tig 4). The 
THimbets lef er to tVie concentrations of the drugs, vii., 10-* , 10-5, etc. The black and tvlute dots 
arc artefacts to aid in identifving the center of each yrhcal. 


is found to vary in a regular manner depend- 
ing on the specific actititj" and the amount 
of the drug used as well as the anatomical 
location of the wheal, (Fig. 3). Time-in- 
tensity curt'es of fluorescein fluorescence are 
shown (Fig. 4) in which histamine and epi- 
nephrine were employed. It will be seen that 
generally the largest amount of epinephrine 
and histamine show the least and highest 
fluorescent intensities respectively, which is 
consistent ivith the known activities of these 
drugs. Also, the several dilutions of either 
drug produce a readily differentiable response 
at some point along the time axis which per- 
niits quantitative inter-comparison. The 
opaque colloidal dye, trypan blue, which is 
reputed to be an indicator of capillary per- 
meability but which is poorly quantitated, 
has been compared with fluorescein in parallel 
e,xperiments.(4) In every instance in which 
an agent has produced a positive trjpan blue 
response, the intensity of cutaneous fluorescein 
fluorescence was well above the control level. 
The same agents in dilutions not capable of 
producing a positive trepan blue response 


did, however, show a relative increase in 
fluorescein intensity, impljdng that the fluore- 
scein test is a sensitive indicator for intense 
as well as mild stimuli. It was noted fre- 
quently that agents which produced a positive 
trjpan blue response, viz: concentrated hista- 
mine, heat, topical bromobenzene in ether, 
etc., were unphysiological stimuli and may 
have injured the capillary' endothelium, sug- 
gesting that such a test may be invalid as an 
indicator of permeability changes in the 
physiological range. 

Accepting the present]}' held hypothesis 
that trypan blue is an indicator of increased 
capillary permeability, and that fluorescein 
behaves similarly' in that both dy'es appear 
extravascularly in greater concentrations 
under identical e.xperimental conditions, it 
may be deduced that the intensity^ of cutane- 
ous fluorescein fluorescence may be dependent 
to some e.xtent up>on permeability' changes. It 
is e\'ident that a rigorous experimental demon- 
stration must be proxided before a permea- 
bility factor can be read into the cutaneous 
fluorescein intensity* measurements 5n its pres- 
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,i^-i\]uminorr\e.ter 


FluorO'' 





Secondary template. 
Primary template 

Canary ^leLSs-" 

Aluminum foil 

Fig. 2. 

Reference standard. (Xot drami to scale). 



template of black heavy paper ivith a central 
aperture 18 mm in diameter covers the entire 
upper surface of the canary glass. A metal 
cover with a 4.6 cm diameter lippeii aperture 
fits snugly over the reference holder and 
primary template to accommodate the base 
of the F-I in a light-tight graidty seal. A 
number of circular secondary templates hav- 
ing '.cenitral apertures from 1-10 mm in 
diameter are cut from thin copper sheeting 
and coated with dull black lacquer. These 
discs have a slightly smaller diameter than 
the aperture in the metal reference standard 
lid so that they may be easily removed by 
simple inversion of the reference holder. 

Procedure. The UV lamp in the fluoro- 
illuminometer is started appro-vimately 10 
minutes prior to the use of the instrument to 
ensure thermal stability and constancy of 
emission. The F-I is placed over the lipped 
aperture of the reference standard after in- 
sertion of a selected secondary template.tr 
The phototube is- zeroed for dark current and 
the sensitivity is adjusted to read 100% on 
the galvanometer scale. Prior to the adminis- 
tration of the fluorescein, the F-I is placed 
over (the skin sites the fluorescence of which 
is to be measured and pre-dye readings are 
made which are later subtracted from each 
post-dye determination, thus compensating 
for inherent skin fluorescence. After each 


(ktcrmiiiod by trial 
an,] error. ^Vbcn 0<e correct secondary femi.iate 
“chosen, it wUV vsnally be found (hat the entire 
„nge of fluorescence encountered can be rca,l on 
the gnlv.momct« scale without ch.-inging the shunt 
or pl.ototube sensitivity. 


measurement, or after a series of consecutive 
measurements, the F-I is again seated on the 
reference standard. A difference of more than 
3% between the initial and final reference 
readings invalidates the measurement. If 
care is taken to ground and shield the equip- 
ment, and to select a UV lamp with stable 
characteristics, a series of 6 consecutive read- 
ings can be made in appro.\nmateIy one minute 
with reference variations of ±. 1%. If the 
fluorescence from a small specific skin site, 
c.g. an intradermal -u'heal, is to be measured 
a blackened paper template about 2" -x 2" 
with a central aperture corresponding to the 
diameter of the wheal is placed on the skin 
and the FT centered on it. For more 
accurate centering on a discrete area, or 
when fluorescence is to be expressed as in- 
tensity per unit area, a prism finder head 
and iris diaphragm calibrated in terms of 
diameter can be fitted to the F-I. An nc- 
curate objective measurement of the circula- 
tion time of the dye is easily obtained by 
leaving the F-I on the skin while the dye 
is being injected. A sudden fluctuation of 
the galvanometer string indicates the e.vact 
moment of arrival of the dye at the skin site. 
Results and discussion. The cutantKms 
vascular respionses to a variety of chemical 
and physical agents employing the above pro- 
cedure is under investigation. In most in- 
stances the vasoactive drug is prepared in 
serial dilutions and injected intradermallj' in 
'the depilated abdomen of the rabbit, fol- 
lowed by the intravenous injection of sodium 

fluorescein (25 mg/kg I*’ 

tion). Fluorescent intensity over these sites 
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TABLE I. 



Effeet, 

on Hatchability, 

of Vitamin Bjo Injections 

in Hatching Eggs. 


Exp. 

Class of 
embryo 

Period of 
iacub. at 
time of inj. 

Level of 

Bjo inj. 
per egg,* yg 

Type of injections 

Xone HoO 

Hatcbability of 
fertile eggs, 

Tc % 92 

Increase 
or decrease 
over HnO 
inj. eggs' % 

215 

— 

10 days 

1.25 

70.0 

4T.S 

71.4 

-f23.6 

220 

— 

10 ” 

1.25 

75-0 

S2.S 

SO.O 

— 2.S 

22 s 

— 

Prior to incub. 

0.50 

— 

74.4 

S3.3 

-b 8.9 

235 

1 

IS hr 



S3.5 







0 

-• J 

0.50 

— 

70.0 

SS.9 

-t-lS.9 


3 

> J 

0.50 

— 

0.0 

SO.O 

-bSO.O ' 

249 

1 

> > 



S6.6 







0 

3 } 

0.50 

— 

64.1 

77.2 , 

-fl3.1 


3 

i 9 

0.50 

— 

52.9 

47.4 

— • 0.0 

247 

1 

} 9 



90.7 







0 

1 

99 

0.50 

S3. 3 
45.9 

6S.9 

76.9 

-f* S.O 


1 

91 

. 

S5.5 







0 

99 

1.0 

71.4 

40.5 

43.5 

+ 3.0 


3 

11 days 

1.0 

— 

43.S 

71.4 

4-27.6 


“ Injected solution contained 23 jig of vitamin Bjo per ml. An equivalent quantity of sterile 
distilled H^O iras injected per egg in the HjO-treated groups. 


of investigation of the role of vitamin Bjs 
in reproduction are presented herewith. 

Materials and Methods. Because of the 
limited quantities of crv'stalline 'vitamin Bjo 
available, the effect of the ^^tamin was tested 
injection into eggs rather than by ad- 
ministration to hens. All the hatching eggs 
used were laid by Rhode Island Red hens 
fad a diet deficient in ^^tami^ Bi 2 .( 4 ) The 
treated eggs were wiped clean at the large 
end (position of air cell) with cotton saturated 
"ith alcohol. A hole was drilled through the 
cleaned shell. Injections were made by means 
of a hjpodermic needle into the albumen. 
Then the treated eggs were sealed with scotch 
tnpe and set in incubation trays. In all ex- 
periments there were control eggs injected 
"ith distilled water and in some experiments 
there were additional untreated controls. 
The number of eggs was limited by the supply 
of ciystalline vitamin, and although the hens 

3. Lillie, K. J,, Denton, C. A., .ind Bird. H. R., 
4. mol. Chom.. 1P4S, vlTO. 1477. 

4. Rubin, Max. and Bird, H. E., PoiiUnj Sci., 
1947, v2(5. 309. 


were selected on the basis of a previous record 
of low hatchability, the sample of eggs used 
in the second e.xperiment hatched too well to 
be suitable material. 

Thereafter, eggs were selected for injection 
according to a method developed at this 
laborator}-{S) for identifjing eggs of low 
potential hatchabilitj' after 18 hours of incu- 
bation. By this method eggs are divided into 
3 classes. Hatchabilitj* of fertile eggs in 
classes 2 and 3 is about 20% and 40% less, 
respectively, than in class 1. In most cases, 
eggs segregated in this manner were injected 
immediatelj* after segregation, that is, after 
18 hours incubation; but in one case the class 
3 eggs were injected after 1 1 days incubation 
to permit removal of the considerable number 
of infertile eggs included in this class. 

At hatching time all the chicks were wing- 
pedigreed and fed a 70% soybean meal basal 
diet(6) with and without a vitamin B 12 
concentrate. The chicks were reared in 

0 . Olsen, M. 'W., Poultry ScL, 1949, v2S, 731. 

6 . Bird, H. E., Rubin, Max, and Grosclihe, A. C., 
J. Biol. Cliem., 194S, vl74, 611. 
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plotted as differences from the control saline wheal, 
fluorescence of drug wheal 

Ordinate = . + = 

■ fluorescence of saline wheal 

relative hj'perfluovesecnce ; — = relative hj-po- 
fluorcseence, 

ent form. The rate of disappearance of 
fluorescein from the blood and the intact 
normal skin of the rabbit are closely paral- 
lel, (4, 6) indicating that the altered time- 
intensity dye curves produced by the ad- 


ministration of vasoactive drugs must be 
a property of altered capillary hemodjTiamics 
and/or a change in the permeability of the 
capillary wall. The exact factors responsible 
for the rate of dye e.xchange through the 
capillary wall can only be determined by the 
simultaneous measurement of these inde- 
pendent variables. The estimation of cutane- 
ous fluorescein fluorescence as described above 
quantitatively indicates the gross rate of dye 
exchange across the capillary wall (neglecting 
lymphatic participation), but does not offer 
insight regarding the responsible specific 
factor (s). 

Summary. 1. A quantitative method for 
measuring cutaneous fluorescein fluorescence 
is described. 

2. The intensity of cutaneous fluorescein 
fluorescence is shown to parallel the e-xpected 
capillary responses to various concentrations 
of vasoactive drugs. 

3. The procedure described can be used 
to obtain in physiologically intact, unanes- 
thetized experimental animals and probably 
human beings, a quantitative, sensitiveand ob- 
jective estimate of the cutaneous capillarj' 
circulation under a variety of e.Nperimental 
conditions. 

TUo uutlior acknowledges Ids iiidetnedness to 
Mr. Carl Gricsinorer for the skillful nixl intelligent 
construction of tlie .apparatus described in lids 
p.apcr. 

icceiroToctol^’u, 1010. IPtfl, rff’. 


Role of Vitamin B 12 in Reproduction of Poultry.* (17511) 

Robert J. Lieete, M. W. Oesen, and H. R, Bird 
From the Bureau af Animal Industry, V. S. Department o! .A(.rienllure. Beltsville, ifd. 


Research of the past few years showed that 
ried cow manure and certain animal protein 
applements contained an unknown factor (or 
ictors) required by chickens for growth and 
eproduction.(l,2) When crystalline Bi-^ be- 

and related f.actors, HOth u^eting of American 
Ihmical Society, September IMP. 


came available, it was found to possess ac- 
tivity for chick growth equivalent to that of 
the unknown growth factor occurring in cow 
manure and liver extract.(3) The results 

~1. Eubin, M., .Slid Bird. II- R-, -t. Biot, i'hem., 
1940, vlG3, 5Sr. 

2. TVliitson, Titus, II. IV., and Bird, It. I?., 
rmiUry 1P4C, v2.I, 143. 
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. TABLE II. 

Effect of Vitamin Bj; Injections in Hatching Eggs Upon A'iabilitv and Featliering of Chickens. 


Exp. 

Chick 

diet 

Embryonic 

treatment 

?7o. chicks 

At start At end 

Mortality at 

6 vvk, 

Cliicks with 
abnormal 
feathering, % 

Feather 

score* 

215 

Basal 

Bj 0 

30 

22 

26.6 

36.3 

— 



^0 B]ni 

34 

13 

61.7 

84.6 

— 

220 

Basal 

Bjo 

20 

17 

15.0 

23.5 

0.35 



No Bjot 

31 

13 

51.6 

46.6 

0.67 

228 

Basal 

Bjo 

IS 

11 

39.9 

27.3 

0.55 



HoO 

16 

14 

12.0 

38.5 

0.77 



B|o 

17 

11 

35.3 

9.1 

0.09 


Bjo 

HoO 

16 

9 

43.8 

44.4 

0.55 

247 

Basal 

B^o 

10 

7 

30.0 

0.0 

0.00 



Hob 

24 

15 

37.5 

53.3 

0.60 


+ 

B^*i 

10 

7 

30.0 

0.0 

0.00 



HoO 

24 

16 

33.3 

62.5 

1.38 

252 

Basal 

B-io 

17 

14 

17.6 

21.4 

0.21 



Hob 

12 

9 

25.0 

66.6 

1.00 


-L 

B^o 

15 

11 

26.6 

27.2 

0.45 



HoO 

12 

10 

16.6 

30.0 

0.60 


*0 = normal; 1 = slight abnormalitr ; 2 = intermediate abnormalitT; 3 = extreme 
abnormality. 

t Combined data from group receiving HoO injection and group receiving no injection. 


known factor suffered a high mortalitv'’ during 
the first week of life. This mortality occurred 
even when the chicks were fed a supposedh' 
complete diet but was corrected by’’ correcting 
the deficiency in the hens’ diet. It has also 
been observed that the progeny of hens fed 
such a deficient diet show abnormal feather- 
ing which is not corrected by adding supple- 
ments to the chicks’ diet. 

The effects of B 12 injections in hatching 
eggs upon the viability and feathering of such 
chickens are summarized in Table II. With 
two exceptions, the mortality was greater 
for chicks hatched from HoO-injected and 
non-injected eggs than for those hatched from 
Bi 2 injected eggs, irrespective of chick diet. 
In experiments 215 and 220, in which 1.25 
micrograms were injected on the tenth day 
of incubation, the Bjo injection reduced 
mortality very materially. Feathering of 
chicks hatched from Bm-injected eggs was 
superior to feathering of those from the H 2 O- 
injected and non-injected eggs. As in earlier 
experiments addition of the vitamin to the 
diet of chicks hatched from deficient e^*^ 


was not effective in improving feathering. 

Disaission. The data summarized here 
indicate the importance of vitamin B 12 in 
reproduction of poultrj', not onlj’^ from the 
standpoint of hatchability but also from the 
standpoint of growth, viabilitj' and feathering 
of progeny. The effectiveness of a single dose 
of 0.5 to 1.25 jxg of Bio injected into hatching 
eggs in enabling the progeny to maintain an 
advantage in growth over control chicks for 
a period of 12 weeks is remarkable and 
indicates the high pwtency of the vitamin per 
unit of weight. The fact that injection of 
vitamin Bio into deficient eggs reduced the 
mortality and improved the feathering of 
chicks and that these results were not achieved 
by supplementing the chicks’ diet reempha- 
sizes the importance of maternal diet and 
shows that deficient maternal diet may lead to 
irretrievable post-natal damage as well as 
pre-natal effects. Although vitamin B 12 re- 
duced mortality and improved feathering, it 
was not completely effective with respect to 
either. This might well have been due to the 
verv' limited dosage, but of course there exists 
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electrically heated metal batteries with raised 
screen floors. Feed and water were supplied 
ad libitum. Body weights were recorded 
weekly, and feather observations at the 
termination of the experiments. All growth 
tests were of 6 to 12 weeks duration. 

At the time of feathering observations, a 
feather scoring system was empIo5"ed whereby 
those chicks with normal feathers were given 
the score “O.” Those whose feathers were 
slightly frayed, thus having a rough appear- 
ance, were given a score of 1. Those whose 
feather dps were normal, but with an inter- 
mediate portion of the rachis free of barbs, 
were given a score of 2. Those with brittle, 
broken feathers were given a score of 3. 

Res 2 tlts. Hatchability: The data on the 
effect of vitamin B12 injections on hatchability 
are summarized in Table I. Since hatching 
eggs of class 1, representing embr3ms of most 
advanced development, were characterized by 
high hatchability, none of these eggs was used 
for injection work. Due to the fact that a very 
small number of eggs of class 3 was available, 
none was used as a non-injected control. 
As indicated in Table I, in the last column, 

7 out of a total of 10 lots of injected eggs 
responded favorablj' to B12. Hence it is 
concluded that vitamin B12 is required for 
hatchability of eggs laid by hens fed a diet 
deficient in the vitamin. Of the 3 lots that 
did not respond, one, composed of unsegre- 
gated eggs (Expt. 220), showed too high a 
hatchability without vitamin B12 to permit 
any response, and another, the class 3 eggs in 
Experiment 240, constituted a small group in 
which the influence of unknown variables 
could easily have obscured the effect of the 
treatment. 

Growth. The effects of 6:2 injections in 


hatching eggs upon growth of chickens are 
summarized in Fig. 1. IVhen the chickens 
were fed a basal diet deficient in the vitamin, 
all those that hatched from Bji-injected eggs 


crrew at a rate superior to that of the HoO- 
Fnjected and non-injected groups for a period 
of 12 weeks. Since no differences were found 
]jeixvEen the HnO-injected and non-injected 
crroups, the results from these two groups 
^ere combined. Fig. 2 shows the effect upon 
chick growth of different methods of ad- 


GRQtATH Of CHIC'S fROM 6.- I'.'JECTeo A*.0 CONTROV. 
I HENS tND CmiCRS FED B.i-DEflClCNT O'ETSl 



Fig. 1. 

Grovtli of eliicks from Bjo-injcctetl oiul control 
eggs. Hens and chicks vero ted Bjo deficient diets. 
Solid line, chicks from Bjo injected eggs. Broken 
line, chicks from eggs not injected nrith Bjo. 


effect of B,2 on chick growth 





Fig. 2. 

Effect on chick growth of vitamin B12 injected 
into egg, .added to diet, or administered by botii 
routes. 

ministration of vitamin Bjo. All the e.xperi- 
ments in this case were of 6 weeks’ duration. 
The first two curves are comparable to those 
shown in Fig. 1. The second two cun'cs show 
that the growth response was greater for those 
chicks that received the supplemented diet 
than for those fed the basal diet alone when all 
chicks were hatched from eggs not injected 
with Bi2. As is shown in the remaining curves, 
the combination of dietary supplement m'th 
egg injection of the ritamin produced the 
greatest response. 

Viability and Feathering. It was reported 
prCT-iously(7) that chicks hatched from the 
eggs of hens fed a diet defident in the then im- 

7. Bird, H. R., Rutiin, Jfnx, tVbilson, Iloiiald, 
and Ifnyncs, .S. K., Poiittrii .Sri., lOIO, t2.S, 2S,.. 
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TABLE I. 


Eecovery Values for Known Amounts of Chloramphenicol, a Hydrolysis Product, and a 
Glnenronide-dcrivative of Cliloramphenicol Added to Human Blood. 


Compound 

Cone, 
in blood 
(pg/ml) 

Whole blood 

Bed cells 

Plasma 

L.20 

1:40 

(%) 

"l:20 

{%) 

1:40 

(Tr) 

i:20 

(%) 

1:40 

(Vr) 

I. Chloramplienicoi 

SO 

SI 

92 

75 

sr 

90 

94 

11. Hydrolysis product 

53 

90 

96 

94 

96 

94 

94 

HI. Glucnronide derivative 

125 

89 

90 

89 

95 

92 

99 


Dilutions of 1:20 and 1:40 were made in 3% trichloracetic acid. Tlie filtrates were analyzed 
for nitro compounds by the titanium reduction procedure. Values in the body of the table are 
given as per cent recovery, compared with those from aqueous solutions taken as lOOSo- 


ca! e-xperiment a solution of purified I, II or 
III in physiological saline was added to hep- 
arinized blood and incubated at 38° with oc- 
casional shaking. Aliquots were withdrawn 
after 30 and 60 minutes, and a portion of 
each sample was centrifuged at 2100 r.p.m. 
for 15 minutes to separate the plasma and 
formed elements. The whole blood, plasma 
and red cells were then analyzed separately 
for aromatic nitro compounds, using the colori- 
metric procedure described elsewhere. (4) This 
method depends on reduction of the nitro 
group nith titanous chloride, followed by di- 
azotization and coupling with the Bratton- 
ilarshall reagent.(5) The amount of color 
formed was found to be inverselj' proportional 
to the molecular weights of I, 11 and III. 
Samples were deproteinized with 3% tri- 
chloracetic acid using a sample dilution of 
1:40. Colorimetric standards were set up 
with the same solutions used for the experi- 
ments, and corrections were made for recovery 
from whole blood, plasma and red cells as 
described in the next section. Packed cell 
volumes were determined on the original blood 
specimens and on diluted blood taken at each 
^mpling period. This was done by centrifug- 
ing in Wintrobe lubes at 2500 r.p.m. for 15 
minutes, reading cell volumes, and then re- 
centrifuging to check the first reading. These 
figures were used for calculating the total 
content of nitro derivatives in the plasma 
and cells as a check on the analytical results. 

Results and discussion. Data for the colori- 

4. Gkvzko, A. ,T., Wolf. L. M., .->nd Dill, VT. D., 
Arc?i. Biochem., 1949, v23, 411. ' 

3. Br.'iUon, A. C., and XI.ir.sliall, E. K., J. Biot. 
Chem., 1939, t12S, 53T. 


metric recovery of known amounts of I, II 
and ni added to whole blood, plasma and red 
cells are presented in Table I. The blood 
samples were diluted 1:20 and 1:40, using a 
final concentration of 3% trichloracetic acid, 
and filtrates were analyzed for nitro com- 
pounds by the titanous reduction proced- 
ure. (4) From these results it is evident that 
dilutions of at least 1:40 must be used for 
satisfactory recoverj' of nitro compounds in 
the presence of red cells. These values were 
used to correct the analytical data obtained 
in the distribution experiments. The distribu- 
tion of I between red cells and plasma was 
studied by the addition of 1925 jig I in 6 ml 
of saline to 10 ml of heparinized blood. After 
standing at 38° with occasional shaking for 
30 and 60 minutes, samples were removed for 
analysis as already described. In a similar 
manner, the amino diol compound (II) was 
studied by the addition of 640 /ig II in 3 ml 
saline to 10 ml of blood from a different indi- 
vidual. The glucuronide derivative was also 
handled similarly, with the addition of 2325 
ftg III in 3 ml saline to 10 ml of heparinized 
blood. The results of these e.xperiments are 
presented in Table II. 

From these data it is evident that I and II 
are bound to a considerable extent by the 
formed elements of blood, while III is located 
almost entirely in the plasma with little or 
none present in the red cells. The binding is 
probably due to adsorption rather than slow 
diffusion througb the cell membrane, since 
higher concentrations of nitro compounds are 
found in the red cells than would be e.xpected 
on the basis of uniform distribution. This is 
also supported by evidence for the binding of 
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the possibility that other dietary factors are 
involved. 

Summary. When hatching eggs laid bv 
Rhode Island Red hens fed a diet deficient in 
v-itamin Bjo ivere injected ivith crystalline 
vitamin B 12 , the hatdiability was improved. 


Among the chicks hatched from Afitamin Bjj- 
injected eggs^ the growth rate was greater, the 
mortaliti' lower and the feathering better than 
among chicks hatched from HoO-injected and 
non-injected eggs. 

Eeceived October Sb, 1949. r.S.E.B.M., 1949. vTC. 


Distribution of Chloramphenicol (Chloromycetin’) and its Metabolic 
Products Betiveen Human Red Cells and Plasma. ( 17512 ) 

Anthony J. Glazko, Loretta M. Wolf, and Wesley A. Dill. 

From the Research Laboratories of Parke, Davis and Company, Detroit, Mich. 


Following the administration of chloram- 
phenicol to human subjects, 3 aromatic nitro 
compounds were identified as excretory prod- 
ucts in the urine. (1) These were unchanged 
chloramphenicol (I), an amino diol produced 
from chloramphenicol hydrolysis (II) , and 
a conjugate of chloramphenicol with glucur- 
onic acid (III) : 


I. Chiorampbcnicol 

D ( — ) t/ireo-l-p-nitroplienyl-S-clicliloracetaraidO' 
1,3'propanediol 
CHOH • CH . CHsOII 

NH • CO ■ CHao 


II. Hydrolysis product 
D( — )t7ireo-l-p-iiitrophpnyl-2-ammo-l,3- 
propanediol 
CHOH • CH . CHoOH 

I-hI 


III. Glueuronide derivative. 
CHOH • CH • CH 2 • 0 • CflHsOo ■ Xa 

X JtH • CO . CHCIo 

1 1 


Havis^lmd Company tradenwrk for 

cliloraniplicnicol. , t. . . 

1. Glazko, A. .1., Dill, AV. D., and Rebstocic, 

H. C., J. J5iol. Clicm., 1939, in pre.^s. 


Of these compounds only I showed a sig- 
nificant degree of antibiotic activity. The 
glueuronide derivative III constitutes the ma- 
jor e.vcretory product in human urine, al- 
though small amounts of I and II are also 
present. (1,2) The reduction of the nitro 
group is negligible in man, although considera- 
ble quantities of arjd amines may appear in 
the urine and feces of lower animals.(2) The 
data presented here summarize our observa- 
tions on the distribution of I, II and 
III between the red cells and plasma of hep- 
arinized human blood. 

Procedure. The chloramphenicol used in 
these experiments was a crystalline product 
isolated from fermentation sources.! Tlie 
amino diol was prepared by hydrolysis of 
chloramphenicol, (3) and the glueuronide de- 
rivative was isolated from human urine in this 
!aborator\'.( 1) Blood drawn from the ante- 
cubital veins of normal human subjects was 
treated with a few milligrams of powdered 
heparin (110 units per mg) to inhibit co.Tgu- 
lation, and was used immediately. In a t\pi- 

2. Gl!! 2 ko, A. .T., Wolf, L. M., Hill, W. D., .nii'I 
Bratton. A. C., J. PI, arm. Exp. Tlirrap., 1049, 
v9C, 445. 

t Tlie cliloramplicnieol used in these experiments 
•iv.n.s kindly supplied to us by Dr. .Tohn ilirlirh 
and Dr. Fred Stimpert. The amino diol (II) n-.is 
prcp.nred from chlor.nmphenicol by Dr. Mildred 
Rcbstock nnii Dr. Harry M. Crooks. 

3. Rebstock, At. C., Crooks, H. AC, Controuli', 
.r.. and Bartz, Q. R., J. Am. Chem. Sne., 1949, 
vTl, 243S. 
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force-feeding. (3) There is a simple method 
for the production of oberfty in the rat, nav 
in the laboratory, but representing a principle 
knoTO throughout the history of medicine and 
animal husbandr}’. The development of 
obesity is related to the level of energj^ out- 
put as well as to the level of food intake. 
Restriction of the activity of the rat combined 
with the ad libitum eating of a diet which is 
appetizing to the animal, is a reliable means 
of promoting gains in weight in excess of the 
values regarded as standard for albino rats. 

Male rats of the Sprague-Dawley strain 
were maintained on a stock diet of Archer 
Dog Pellets until they reached a weight of 
323 to 375 g. They were then transfened 
to cages of one-half inch mesh screen 9 inches 
long, inches wide and 4^4 inches deep. 
They were given a fluid diet to eat ad libitum 
(Table I). The room temperature was 74” 
to 78°F. Six rats were studied under these 
conditions. All of them gained in weight 
more rapidly than active stock animals or 
active animals on the same diet. We have 
never recorded a weight greater than 550 g 

TABLE I. 

Mt'diuni Carboliydratc Diet. 

Constituent rr 


Cc!!u flour (Chicago Dietetic Supply) 120 

Osborne and Itendcl salt mixture 40 

Diet yeast (Pabst) 100 

wheat germ oil 10 

Cod liver oil 10 

mg 

' >t. K (fl-inetliyMjl-iniphthoquinone) 100 

M.azola oil 200 

Cxiscin (Labco) IGO 

Starcli 200 

Dextrin 190 

Sucrose 200 

ec 

W.ater to make total of 2000 


3. Ingle, D. .1., Endocrinoloriy, 194G, v39, 43, 



among active adult male rats on the stock 
diet nor have we recorded a w’eight greater 
than 600 g for similar active animals fed the 
fluid diet in the large series of animals which 
we have obsert'ed during the past 10 years. 
After ail of the 6 inactive rats were in excess 
of 700 g weight, 4 were killed for tissue 
studies, one reached a weight of 946 g and 
died and the 6th rat attained a maximum 
weight of 1090 g at which time it began to 
lose weight slowly and was killed for tissue 
studies. The weight chart of this animal 
is compared with the record of a typical 
active rat on the stock diet in Fig. 1. Inso- 
far as we are aware, this is the greatest weight 
that has been reported for an albino rat. 

Suminary. Obesity can be produced in the 
albino rat by restriction of activity and by 
the ad libitum eating of a diet which is 
appetizing to the animal. 


Received October 27, 1949. r.S.E.B.>t., 1949, v72. 
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TABLE n. 

Pistributioi) of yitro Compounds Betiveon Plasma nnd Cells. 


Compound 

Theoretical 

cone. 

Incub. 

(min.) 

Packed 

cell 

vol. 

{%) 

Cone, of uitrn compOuniis 

R.'itio; 
red cells/ 
plasma 

Plasma 

faS/ml) 

Red 

cells 

Wbolc 

blood 

(/ig/ml) 

I. Cldoramplieiiicol 

120 

30 

32.C 

100 

l.)3 

123 

1.53 



fiO 

32.6 

OS 

157 

IIS 

l.fiO 

n. Aniiiio diol 

49 

30 

31.1 

39 

Cl 

47 

1.50 

bydrolysis product 


60 

33.7 

33 

OS 

4G 

2.00 

in. Glueurouide 

179 

30 

39,3 

274 

35 

16S 

0.00 

derivative 


GO 

40.G 

290 

,38 

172 

0.13 


Plasma, rcfl cells and wliole Wood \Yei6 analyzed for nitro compounds following equilibration at SS' 
for 30 and 00 minutes, as described in tbe test. ' "Values were correeted for recovery from cacli fraction 
as indicated in Table I. The ratios of concentrations found in red cells and plasma arc given in fiie 
last column. 


1 to serum albumin. (6) In most cases, the 
amount of drug accounted for by the separate 
analysis of plasma and cells fell within 5 per 
cent of the actual amount of drug added. The 
observations presented here may assist in the 
inteipretation of published data on the renal 
excretion of chloramphenicol and its inactive 
metabolic products.(2) The e.xcretion rate 
for the glucuronide derivative III is no doubt 
greater than if it were bound to the cellular 
elements of blood, while the excretion of un- 
changed chloramphenicol is probably retarded 
by adsorption onto tbe ery-throcytes, which 
ATOuld lower the effective concentration of free- 
ly diffusible drug in the plasma. The binding 
of chloramphenicol on the red cells, and pos- 

6. Vuudenbclt, J. JP, cited by Smitli, B. H., 
Aoslj-n, B. A., Grubzit, O. AI., JtcLean, I. tV., 
Pcimev, il. A., and ElirBcb, J., L Sact., 1948, 
v55, 425. 


sibly on the cells of other tissues, may consti- 
tute a reservoir of antibiotic which is in 
equilibrium with the body fluids. The exis- 
tence of a different mechanism for producing 
active cliloramphenicol by enzymatic hydroly- 
sis of the inactive glucuronide has been de- 
scribed elsewhere.(2) These two factors may 
well be resp>onsibie for the maintenance of 
therapeutic levels of chloramphenicol in the 
blood stream over long periods of time. 

Summary. Chloramphenicol and one of its 
hydrolysis products appear to be partly bound 
to the cellular elements of blood, while the 
glucuronide derivative of chloramphenicol 
remains almost entirely in the plasma. Ob- 
servations are also presented on the recovery 
of these aromatic nitro compounds from tri- 
chloracetic acid filtrates of plasma, cells and 
whole blood by colorimetric methods. 

Received OctobeTiLT^SP. P.S.E.B M., v72. 
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Dwight J. Ingle. 

From the Raearch Laboratories, The Vpjohn Company, Kalamazoo, Mich. 


The effects of overfeeding 
have been little studied in 
^mlunfary m 


and of obesity 
the laboratory', 
rats has been 


Soc;. S b;u.vki, Men.. 1.037, V3G, 409. 


Stimulated by insulin(I) and by lesions in 
the h}'pothalamus.(2) In this laboratorv, 
we have produced marked obesity in rats by 

■"arHetherW^ A. w., 

.liHif. Jtcr., 1940, v78, 149. 
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Action of Bacterial Toxins on Respiration of Chicken Erythrocytes** 

' ( 17514 ) 

F. R. Hunter^ Muriel J. AIarker/ Jane A. Bullock^ June RAWLEy* and 

Howard W. Larsh 

From the Department of Zoological Sciences anti Deparlmenl of Plant Sciences, University of 
Oklahoma, Norman, and the Marine Biological Laboratory, Woods Hole. Mass. 


In the first paper of this series (Hunter and 
Larsh) (1) a brief statement of the general 
problem which is being investigated in this 
laboratory was presented. The present ex- 
periments were designed to demonstrate what 
effects, if any, a number of bacterial exotoxins 
have on the functioning of cells as indicated 
by changes in respiration. 

The toxins were obtained from the Lilly and 
Lederle Laboratories^ with the e.xception of 
B. cereiis. This organism was grown in Bacto 
proteose peptone No. 3 broth and incubated 
at 37.5°C for 36-60 hours. The fluid suspen- 
sions were filtered through Seitz or Berkefeld 
filters and stored at 4°C with the relative 
humidit}' controlled at 95-100%. 

A suspension of erjdhrocytes was obtained 
by centrifuging heparinized chicken blood. 
Equal volumes of cells and toxin, cells and 
heated toxin, cells and formalized toxin, and 
cells and preservatives (phenyl mercuric 
acetate or merthiolate) were mixed. Respira- 
tion measurements were made at 37°C, using 
a Warburg apparatus. One or 2 cc of the 
various cell mixtures were added to each 
Warburg vessel which contained 0.3 cc of 
20% KOH in the center well. The time 
which elapsed from the mixing of the suspen- 
sions until the first reading was made varied 
from 15 minutes to an hour. Readings were 
started after a 10-minute period for tempera- 

TJiis work iras supporfcil in pint by grants 
from tlie Division of Gr.onts and Rcsearcli, V. S. 
Public He.iUli Service, .and the Faculty Rcsc.nrch 
Fund of the University of Oklahoma. 

t Present address. Bureau of Jlines, University 
of Wyoming, Laramie. Wyo. 

t Present address. Department of Biology, Jfon- 
inouth College, ^tonmouth, 111. 

1. Hunter, F. B., and Larsh, Howard W., Pkoc. 
Soc. Exp. Biol, axd Med., 1947, vGO. 2S1. 

^ The authors are indebted to the Lilly L.abora- 
tories and to the Lederle Laboratories for supply- 
ing these toxins. 


ture equilibration and were continued for 
varying periods of time up to 25 hi hours. 
Sterile technics were used throughout and 
tests for contamination using agar slants and 
fluid thioglycollate were made at the end of 
each experiment. 

The results are summarized in Table I, 
which also includes information concerning 
the relative strength of most of the toxins. 
It can readily be seen that formalized toxins 
are of no value as controls since formalin 
markedly inhibits the respiration of these 
cells. Except for the case of tetanal and 
streptococcal toxins, the heated toxins give 
essentially the same values as the Ringer 
Locke controls. Since the toxins were not 
highly purified, the conclusions which follow 
are tentative and may well have to be modi- 
fied when experiments using purified toxins 
are available. 

Summary. ]. Chicken erythrocytes were 
e.xposed to various bacterial toxins for several 
hours and the rate of o.xygen consumption was 
measured at 37'C. 

2. Toxins from Closlridtum perjriugrus ap- 
peared to increase the rate of oxygen con- 
sumption initially even though they hemolyzed 
the cells. After several hours a decrease was 
observed. 

3. Toxins from Clostridium septlcum had 
little effect on the rate of oxygen consumption. 

4. Toxins from Clostridium tetani appar- 
ently increased the rate of oxygen consump- 
tion for a period of more than 24 hours. 

5. Toxins from Bacillus ccreits had little 
effect, but slight acceleration of o.xygen con- 
sumption was noted in most of the experi- 
ments. 

6. Toxins from Micrococcus pyogenes, \’ar. 
aureus increased the rate of oxygen consump- 
tion during the first hour. This was followed 
by hemolysis of the cells and almost complete 
inhibition of respiration. 

7. Toxins from Coryncbacterium diphthcriae 
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stant weight at 95° C. Its globulin was deter- 
mined b\' precipitating with equal parts of 
4 potassium acid phosphate solution (by 
tlie method of Butler), (7) centrifuging, and 
redissohing in physiological saline, then dia- 
lyzing against distilled water until chloride- 
and phosphate-free. At completion of the di- 
ab'sis the globulin had reprecipitated. Albu- 
min was determined bj' precipitating from the 
supernatant urine, after the globulin was pre- 
cipitated, with an equal part of 20% tri- 
chloracetic add, centrifuging, resuspending 
the precipitate in water, and dialj'zing until 
chloride- and phosphate-free. 

B. Evans blue {T-1824) determinations. 
Evans blue forms a comple.v with plasma pro- 
teins. This property is made use of in the 
present e.\periments to label plasma proteins 
in their passage through the kidneys. Raw- 
son(S) ascertained- that, at pH 7.4, in solu- 
tions of human or canine plasma albumin, up 
to 14 molecules of Evans blue are linked to one 
molecule of plasma albumin. The greatest 
stability of the dye-protein complex is at- 
tained up to ratios of 8 molecules of Evans 
blue per molecule of plasma albumin. At 
such concentrations, the dj^e is wholly and 
preferentially bound by the albumin fraction, 
and in increasing proportions as the concen- 
tration of the dye increases. If the dye con- 
centration is increased sufficient!}^, the dye 
may also be bound by the globulin fraction, 
but preferentially by the alpha-globulin. 
That, in the equilibrium system between the 
protein-dye complex and the free dye and 
plasma protein, the concentration of free dye 
is infinitesimal, is indicated by the observation 
of Rawson(8) that ultracentrifugation of a 
solution of dye-protein complex centrifuges 
down a blue-stained layer and leaves an un- 
stained supernatant. Trypan blue is also 
bound by plasma protein ; this complex is more 
unstable than the Evans blue-protein complex. 
When the trypan blue-protein complex is di- 
alyzed in a cellophane bag the tr}pan blue 
is separated from the protein and stains the 

7. Butler, A. M.. Blatt, H., .and Southg.ate, II., 
.1. Biol. Chem.. man, vlOU, 75o. 

8. R.-nv.son, K. -K.. .Im. .7. PlniKiol., 1943, vl3S, 
70S. 


cellophane. Evans blue, however, remains 
bound to protein under such circumstances, 
and leaves the dialyzing membrane colorless. 
The Evans blue molecule has 4 sulphonic-acid 
groups, and has a molecular weight of 960. 
The attachment of several such dye molecules 
to a molecule of plasma protein modifies the 
charge and the weight of the colloidal par- 
ticle, and the addition of Evans blue to a 
solution of albumin has been found to lower 
appreciably the isoelectric point of the pro- 
tein. (8) 

A series of 8 male rats were given intra- 
cardiac injection of 0.5 ml of 5% E\’ans blue 
solution. The blood volume of the rat is re- 
ported as 4 ml per 100 g body weight, (9) 
of which approximately one half is plasma. 
Plasma protein concentrations are 5 to 7% 
(10) with about a 5 to 2 ratio of albumin 
to globulin. (10) It is readily calculated that, 
in the dose administered, all the dye combined 
with the plasma proteins. Starting 3 hours 
after administration of the Evans blue, urine 
was collected for 24 hours, observed qualita- 
tively for color, and tested for protein with 
heat and acetic acid. The animals were then 
decapitated and autopsied. Kidneys were 
formalin-fixed in two series, unstained and 
stained with hematox}din and eosin respec- 
tively, so as to facilitate study of both the 
course of the dye and of any possible renal 
damage that might have resulted from the 
injected Evans blue. In order to observe in 
vitro formation of the dye-protein complex 
in protein-containing urine, one drop of 5% 
Evans blue solution was added to the 24-hour 
urine sample of each of 4 untreated normal 
rats, and within two minutes this urine was 
tested for protein, as above. 

Next, a second series of 13 male rats re- 
ceived intracardiac injections of 0.4 ml of 
5% Evans blue. These rats were all decapi- 
tated, 7 rats at 10 minutes after injection of 
Evans blue; and 6 rats, 90 minutes after in- 
jection. Kidney slices from each of these 
rats were hardened in formalin solution for 

9. yietcofl, J., and F.avour, C. B., Am. J. 
Physiol., 1944, vl41, 695. 

10. Moore, E. L., Lerin, L., and .Snielscr, G. K., 
.7. Binl. Chrm., 194-5, vl57, 723. 
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increased the rate of oxygen consumption 
slightly during the first hour. This was fol- 
lowed by a gradual decrease in rate until after 
11 hours, then there was complete inhibition. 


8. Toxins from Streptococcus pyogenes 
markedly inhibited the rate of oxygen con- 
sumption although there was no hemolysis. 

Koceived October 27, 1949. P.S.E.B.M., 1949, v72. 


Studies on Proteinuria in the Rat. (17515) 


Saul B. Gilson (Introduced by E. F. Adolph) 

From the Department of Physiology, The Vniversity of Rochester School of Medicine and 

Dentistry, Rochester, p!. r. 


Most investigations of protein excretion in 
the urine have assumed that protein in 
quantity is an abnormal constituent of the 
urine. It has furthermore been commonly 
assumed that mammalian kidneys extract from 
plasma a protein-free fluid in each species. 
The existence of a normal proteinuria in the 
Slonaker strain of white rats has been describ- 
ed qualitatively by Addis. (1,2) Protein excre- 
tion has been studied by Smetana(3) by in- 
jecting dye-labelled foreign protein into the 
blood of several mammals and observed 
deposition of dyed particles within the lining 
cells of the proximal convoluted tubules. 
Oliver (4,5) used similar technics both in 
vivo and in perfused isolated kidneys, with 
similar results. Dock(6) injected Evans blue 
intraperitoneally in rats and subsequently 
observed dye deposition in the renal tubules. 
The present studies again demonstrate a 
normal proteinuria, both albuminuria and 
globulinuria, imder a variety of environmental 
conditions, in the albino rat. The passage 
of plasma protein through the rat kidney is 
studied by labelling the native plasma protein 
with Evans blue, and examining, in fixed 
tissues, the disposition of the Evans blue- 

1. Addis, T., Trans. Assn. Am. Physiciaim, 1942, 
v57, 106. 

2. Addis, T., Proc. Kot. Acad. Sci., 1949, v35, 
194. 

3. Smetana, H., Am. J- Path., 1947, t2.3, 255. 

4. Oliver, J., The nari-cy Lerturcs, 1944-1945, 

t40, 102. 

5. Oliver, J., J- 
175 

6. Dock, W., Ti. Eng. d. Med., 1942, v227, 633. 


protein complex. 

Procedures. A. Protein determinations. Ur- 
ine was collected from rats, weighing from 
180 to 250 g eadi, while in indiv'idual metal 
metabolism cages. During periods of urine 
collection, none of which was longer than 24 
hours, no food was present in the cage. The 
animals studied included 14 male animals of 
the Wistar strain, on “Rockland Rat Diet”, 
and located in a constant temperature room 
at 27° C; 12 animals, 8 males and 4 females, 
of the Sprague-Dawley-Holtzman strain, at 
ordinary room temperature, that had been on 
a diet of fortified powdered milk for a month; 
and 8 male rats of the Sprague-Dawley-Holtz- 
man strain that had been subjected to a con- 
stant air temperature of 4° C for 3 months. 

a) The urine was collected indmdually, 
centrifuged clear, and tested for protein con- 
tent by heating and adding acetic add. The 
precipitate so obtained was spun down push- 
ed and tested by the biuret test, .xanthoproteic 
test, charring, and MiJJon test. 

b) Qualitative protein fractionations of 
72-hour urine specimens from 9 normal rats 
were performed. Urine was saturated with 
ammonium sulfate and a precipitate was inter- 
preted as albumin. Globulin was precipitated 
by half saturation with ammonium sulfate. 
In both instances the precipitates were tested 
with protein reagents as above. 

c) Quantitative protein measurements 
were made on 24-hour pooled urine from 5 
normal male rats. Total protein was deter- 
mined by precipiUiting with trichloracetic add, 
centrifuging, diaij'zing against distilled water 
at 5“ C till chloride-free, and drjing to con- 
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TABLE I. 

Distribution of Evans Blue in Kidney Sections Taken 10 Min., 00 Min., and 24 Hr After Dye 
Injection. 


Structures observed 

10 min. 

90 min. 

24 lir 

Blue-stained casts 

-f- 

+ 

-r 

Diffuse stain of superficial surface of 
tubular cells 

4- 

— 

— 

Granular stain of tubular cells 
superficial 

H- 

+ 

-f 

Luminal Imlf of cells 

~ 

-f 

-f 

Throughout cytoplasm 

— 

~ 

-f- 

Stained granules in tubular cells sborving 
various filamentous and rod-sliaped forms 

+ 

-f 

Indeterminate 

Bine-stained arterial and arteriolar elastic 
membranes 

"f 


O- 


Stain, but were passed through paraffin to 
make permanent sections. These tissues 
showed the densest aggregations of intensely 
blue-stained particles, so numerous as to 
make any distinction between massed particles 
and single filaments very dubious. In these 
sections the dye was fairly evenly distributed 
throughout the cell, from luminal border to 
basement membrane (see Fig.). Again, in 
these sections, blue-stained casts were observed 
both in the proximal tubules and in the col- 
lecting tubules. Of much interest is the 
finding that all kidney sections contained areas 
of unstained proximal tubules which were 
estimated to be at a comparable level along 
the tubules as were intensely stained regions 
of other tubules in the same section. Hence 
it would seem probable that the dj'e-protein 
complex was filtered through the glomeruli in 
high dilution, and partly reabsorbed in the 
proximal tubules, possibly through the inter- 
mediation of mitochondria. Sections of the 
liver showed blue-dyed granules in the Kupfer 
cells and also showed blue-stained droplets of 
varying sizes in the cytoplasm of the liver 
parenchymal cells. .Adrenal parenchymal cells 
and cardiac muscle fibers were unstained by 
Evans blue. 

Discussion. Proteinuria occurs almost uni- 
formly in normal laboratory rats. .About half 
of this proteinuria is globulinuria. Proteinuria 
is a much less common finding in humans, 
but it does -occasionally occur in the absence 


of demonstrable renal lesions.(ll.l2) An 
interesting parallel between rat and human 
proteinuria is the prevalence of tubular casts 
in the normal rat kidneys and the prevalence 
of tubular casts in the kidneys of humans 
known to have had gross proteinuria, whether 
frankly pathological or not. 

The source if the urinary proteins, and the 
method of their passage into the urine, are two 
points of interest. 

a. Source of the protein. The renal glo- 
merulus has long been considered by many 
renal physiologists to be impermeable to 
plasma protein molecules. Such an attribute 
would make the capillaries of the glomerular 
tuft quite unique, as complete impermeability 
to protein cannot be ascribed to any other 
capillary bed. Thus, the human cerebrospinal 
fluid has a modicum of protein (20 to 65 
n’g %) with up to 6 mg of this as globulin. 
AVarren{13) found the extracellular fluid 
of the human leg to contain 0.9% of protein. 
It is possible, of course, that the renal tubules 
secrete the urinary protein; but there has 
been no eridence adduced to this effect. That 
the protein in rat's urine is plasma protein is 
indicated by the passage of Evans blue into the 
rats urine, as Evans blue is firmly and 

11. Gunton, R„ .nnd Burton, A. C.. J. Clin. 
Invest., loir, v 26 , sag. 

12. Burton, C., niid Gunton. B.. Fot. Pror., 
1947, vG, 8.O. 

13. Warren. .1. V., .1. Clin. Invest., 1042, t21. G40. 
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the preparation of frozen sections. 

Results. A. Urinary proteins. Two male 
rats maintained in the constant temperature 
room at 27°C gave negative tests for urinary 
protein. The other 28 rats, including animals 
of the 2 strains studied, and animals main- 
tained at the several above-mentioned tempera- 
tures and diets, showed proteinuria. The 
amounts of protein, as observed grossly by 
the relative degrees of turbidity or flocculation 
on treatment of the urine tvith heat and acetic 
acid, varied in all groups, except in the group 
acclimatized to cold, from a moderate tur- 
bidity to a heavy flocculent precipitate. Urine 
samples collected from the animals kept in 
the cold room all showed heavy flocculent 
precipitates. All urine specimens fractionated 
by ammonium-sulfate precipitation contained 
both albumin and globulin. The urinary 
proteins were determined as 6.6 mg of protein 
in an average urine quantity of 8 ml per 210 g 
rat per 24 hour period. As separately de- 
termined, 3.0 mg of globulin, and 3.3 mg 
of albumin were e.xcreted per rat in this period. 
No attempt was made to estimate the varia- 
tion of proteinuria in an individual, but there 
was an appreciable variation in the bulk 
precipitate in the same rat in several 24-hour 
qualitative protein determinations. 

B. Evans blue studies. Several rats, not 
included in the numbers reported above, died 
within a few minutes of injection with Evans 
blue, presumably from cardiac or pulmonary 
injury. .-Vll the 24-hour urine samples of the 
first group of 8 rats injected with Evans blue 
were blue-stained. The urine of all these 
animals was positive for protein as it had 
been in each animal when tested before the 
dye injection. The protein precipitate in all 
instances showed blue, and, when allowed to 


settle, was found to have withdrawn the dye 
from solution, the supernatant retaining no vis- 
ible tinge. Normal rat urines to which a drop 
of Evans blue was added in vitro had their 
proteins precipitated with heat and acetic acid, 
precipitates so obtained were blue, and the 
supernatant showed no blue stain. All in- 
jected animals were decapitated. On macro- 
scopic e-vaniination, in 21 animals injected 
with Evans.blue, the tissues were to a greater 
or lesser degree, blue stained. The liver con- 


tained the most deeply dyed tissue. Kidney 
sections showed heavily stained cortical papil- 
lae which were sharply demarcated from the 
lightly tinted medullarj' tissue. Selective 
staining of the cortex was most intense in the 
animals killed after 24 hours, and least ap- 
parent in the specimens taken ten minutes 
after injection of the Evans blue. Microscopic 
studies of the kidney tissues of Evans blue- 
treated animals revealed several findings (see 
Table). All fixed hematoxjdin and eosin 
stained sections taken from animals even 24 
hours after Evans blue injection showed no 
morphological renal damage. 

(a) In frozen kidnej' sections cut from ani- 
mals killed 10 minutes after injection, blue- 
staining granules were obser\'ed, all super- 
ficially distributed in the cytoplasm (that 
is, toward the tubular lumen) of proximal 
tubular cells of many nephra. Several sec- 
tions contained proximal tubular cells with 
a diffuse blue stain toward their luminal 
surface, as well as a similarly distributed, 
granularly disposed stain. The glomerular and 
capsular spaces were uniformly and distinctly 
clear of visible material, blue or otherwise. 
Blue-stained casts were found in the pro.ximal 
tubules and in the collecting tubules of all 
specimens. 

(b) In frozen sections of kidne3'S removed 
from animals killed 90 minutes after Evans 
blue injection, blue-staining granules were 
again obsetA^ed in the cytoplasm of proximal 
tubular cells. Now, howei'er, no diffuse dis- 
tribution of the blue dye was apparent. Blue- 
staining granules in the cytoplasm were dis- 
tributed superficially as well as more deeply 
throughout the cells, although the stained 
particles seldom approached the basement 
membrane, and were more concentrated toward 
the lumen. Cells in this group of sections 
contained appreciablj' more dye than in the 
ten-minute group. Also, the dyed particles 
were not merely in the shape of irregular 
granules of varying size as in the 10-minule 
sections, but frequently had a filamentous and 
often branching appearance, such as to suggest 
the possibility that the dye had become ad- 
herent to mitochondria. 

(c) Kidney sections of animals killed 24 
hours after injection received no post mortem 
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reabsorption of an Evans blue-plasma protein 
complex, and, b\'’ inference, of normal plasma 
protein. Such tubular reabsorption possibty 
involves the mitochondria of the tubular cells. 

Dr. E. F. Adolijli gave invaluable suggestions, 


criticisms, and encouragement. Dr. James G. 
AVilson and Dr. Victor M. Emmel helped ivith the 
histological interpretations; their assistance is 
gratefully acknoiivledged. 

Received November 1, 1949. P.S.E.B.M., 1949, t72. 


Nutritional Value of Plant Materials. II. Prevention of Acute Uremia of 
the Newborn Rat by Vitamin B 12 .* (17516) 

IM. 0. ScHULTZE (Introduced by Paul D. Boj-er) 

From the Division oj Agricultural Biochemistry, University 0 } Minnesota, St. Paul, Mhin. 


A very high incidence of mortality during 
the first 24-72 hours of the life of young rats 
born to mothers maintained on rations con- 
taining a commercial soybean protein prepara- 
tion and DL-methionine as the only source of 
amino -'acids has recently been reported from 
this laboratory.(l) In about 50% of the lit- 
ters cast, from one to all of the young develop 
a characteristic syndrome terminating in early 
death. At birth and for the first 24-36 hours 
these young, on visual inspection, appear to 
be in every respect normal, indistinguishable 
from those which survive and develop nor- 
mally. The}’- are strong and nursed by 
. their mothers until the onset of the crisis. 
(The support of excellent lactation has 
been an outstanding feature of these 
rations). A rapid onset of dyspnea ac- 
companied by cyanosis, weakness and emacia- 
tion is tv'pical of the sv’ndrome observed. 
Milk is always present in the stomachs of the 
young and verx’ frequently one or two loops 
of the small intestine contain dark material 
which is visible through the abdominal wall. 
At this stage the blood urea as determined 
by the method of Archibald(2) reaches values 
of about 150-250 mg per 100 ml as compared 
to about 35 mg at birth and about 50-70 mg 
in normal appearing rats of the same age. (3) 

* Paper No. 2514 Scientific Journal Series, Min- 
nesota Agricultur.al E.Tperiment Station. 

1. Schultze, M. O., Fed. Froc., 1949, v8, 395. 

2. Archibald, E. M., J. Biol. Chem., 1945, vl57, 
507. 

. 3. Schultze, At. O.. and Halvorson, Harlyn O., 
J. An. Science, 1949, v8, G29. 


Death of these rats usually occurs within 4-6 
hours after the first s}’inptoms can be ob- 
served, although a few individuals have sur- 
vived as long as 12 hours. Without inference 
concerning the nature of the biochemical or 
pathological lesion or the ultimate cause of 
death the s}mdrome is conveniently referred 
to as “acute uremia of the newborn.” 

Other investigators have reported early 
deaths of young rats (4-6) and mice (7) that 
had milk in their stomachs and they may 
have been dealing with the same sxmdrome. 
Zucker and Zucker(8) observ’ed elevated con- 
centrations of NPN and urea in the blood of 
rats of post weaning age which were fed ra- 
tions devoid of animal protein. ^IcGinnis 
et al.{9) refer to observation of an increased 
NPN concentration in the blood of chickens 
maintained on rations containing plant in- 
gredients plus vitamin free casein. In this 
laboratory “acute uremia of the newborn” 
has never been obserx’ed on rations containing 
either alcohol extracted casein,(l) or a com- 

4. Van Landingham, A. H., and Lyon, P. B., 
Arch. Biochem., 1947, t13. 475. 

5. Heitman, H., Jr., and Hogan, A. G., Missouri 
Agric. Exp. Sta. Bcs. Bull., 1949, 432. 

6. Dryden, L. P., Hartman, A. M., and Cary, 
C. A., Ahstr. 116th Meeting A.C.S., Sept., 1949, 
p. 39A. 

7. Bosshardt, D. K., Paul, 'W. J., O’Doherty, K., 
Huff, J. AV., and Barnes, R. H., J. Xutr., 1949, 
t37, 21. 

S. Zucker, L. M., and Zucker, T. P., Arch. Bio- 
chem., 194S, Tie, 115. 

9. McGinnis, J., Hsu, P. T.. and Graham, W. D., 
Poultrg Science, 194S, t27, G74. 
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Fig. 1. 

Kidney section of rat killed 2i hr after Evans 
blue injection (X 400). Glomerulus on right is 
unstained; some tubules are stained, others not. 

preferentially bound to plasma protein. The 
data on Evans blue excretion must, however, 
be interpreted with reservations, as the pro- 
tein-Evans blue complex represents an ap- 
preciable modification of the native plasma 
proteins, both as to molecular size and charge. 
Evans blue is a strongly acid substance and, 
as such, modifies the isoelectric point of the 
protein and might possibly modify the passage 
of the protein molecule across a membrane. 
There is also the possibility of a subtle 
effect of the Evans blue upon the kidney 
itself. However, no renal histopatholog}'- is 
noted after Evans blue injection. 

b. Course of the protein from blood to 
urine. Evans blue appears earliest in the 
cytoplasm along the luminal borders of 
proximal tubule cells, and in mtratubular 
casts, which are presumably protein in nature. 
Subsequently the dye pervades the cells and so 
approaches their basement membranes. This 
su'i^ests that the tubules are absorbing the 
Eva“ns blue, and, perhaps the protein wth it 
from the tubular lumen. If Evans blue did 
not pass into the tubular lumen by transfer 
across the tubular cells, the dye must have 
.rained ingress by passing ^^cross t e 

°lomerular-capsular membrane, probably to 
be concentrated in the tubules into visible 
Ssts Morphologically, the membmne ap- 
Sars to be non-secretory endoAelium and 

S probably not disrupt ^0 Bt,na b^=- 
plasma protein complex. Also, the 


casts were stained blue, so that the Evans 
blue-plasma protein complex probably remains 
intact at least until it reaches the lumen of 
the tubule. Whether the tubular, cells selec- 
tively absorb the Evans blue, leaving the pro- 
tein free in the tubule, cannot be ascertained 
on the basis of the present experimental evi- 
dence. However, should unmodified plasma 
protein cross the glomerular-capsular mem- 
brane in the same manner as the Evans blue- 
protein complex, it would seem likeh', by 
analogy with other blood-borne substances, 
as glucose and sodium, which are belie\’ed to 
cross the membrane freely, that the protein 
would be at least partially reabsorbed by the 
tubules. And similarly, it would then seem 
likeW that the Evans blue is absorbed in the 
tubules in association with plasma protein. 

The absence of Evans blue stain from the 
parenchyma of the adrenal and the muscle 
cells of the myocardium is in sharp contrast 
to the staining of kidney tubules and liver 
parenchyma. The latter two tissues are be- 
lieved involved in plasma protein transfer, 
and it is therefore unlikely that the stain of 
these tissues is a non-specific or a general 
protoplasmic reaction. That the liver and 
kidney react diversely noth the protein com- 
plex is indicated bj' the different dispositions 
of dye within the parenclnmial cells of the 
two organs. The Evans blue-stained par- 
ticulate material within the tubular cells 
could be interpreted as either an aggregation 
of the Evans blue-protein complex, or as a 
staining of existing cellular structures by the 
Evans blue. In this connection, the similarity 
in form and size of the intracellular aggre- 
gates of dye to that described for mitochondria 
is suggestive. The total absence of Evans 
blue from some proximal tubules, and the 
hea\y staining of other proximal tubules, even 
24 hours after injection of the Evans blue, 
indicates variation in activity among the 
nephra themselves. 

Summary. Proteinuria was found to be a 
usual occurrence in albino rats, irith an 
average e.xcretion during fasting of 3.0 mg of 
globulin and 3.3 mg of albumin in 24 hours. 
Marked variation in the daily urinary protein 
e.xcretion was observed. Evidence is obLaincd 
indicating glomerular filtration and tubular 
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Fig. 1. 

Fortv-fonr hour old rats; the 2 rats in the upper 
portion of the figure ivere injected 2 hours after 
birth rritii 0.05 ;jig of vit. tb® 2 rats in the 
lower portion are their uninjected littermates. 
The appearance of the latter is trpical for “acute 
uremia of the newborn.” Blood urea of these 
injected rats was 76 and 40 mg per 100 ml: that 
of the uremic control rats 2S7 and 240 mg per 
100 ml. 

syndrome together with their injected litter- 
mates is shown in Fig. 1, 

The urea concentration in the blood of a 
few of the rats was determined 40-48 hours 
after birth. Others were kept to determine 
weaning weights. The results included in 
Table I show that Tats with “acute uremia of 
the newborn” have extremely high blood urea 
values of about 200 mg per 100 ml, whereas 
normal appearing uninjected jmung or those 
injected with 0.05 jag of vitamin B 12 have a 
blood urea level of 50-60 mg per 100 ml. 
These levek fall into the range of values ob- 
seiv'ed in a more extensive series studied in 
this laboratory (11) which revealed an early 
transient rise of urea in the blood of normal 
appearing young rats, even in those bom to, 
and nursing, mothers maintained on the ration 
described here supplemented with fish 
solubles or with 2% Wilson's liver extract 
1‘.20. The present data suggest that either a 
single dose of 0.05 pg of vitamin B 12 is not 
sufficient to maintain the blood urea in the 
range of values found at birth or at weaning 
or that a transient rise may occur regardless 
of a vitamin B 12 supply. The weaning 

11. Halvorsoii. Harlyn 0.. and Sidiultze, M, O., 
unpublished. 


weights of the survivors were not significantly 
changed b\- the single injection of vitamin 
Bio- 

The obseiwations reported here do not ex- 
plain the etiology of “acute uremia of the 
newborn” satisfactorily. Since the condition 
can be prevented by an early postnatal supply 
of vitamin B 12 they suggest that the milk of 
the females maintained on the ration described 
here was low in vitamin B 12 and that the fetal 
stores of this factor were likewise insufficient 
to overcome an early postnatal stress which 
may be associated with the adjustment of the 
newborn to the sudden supply of nutrients 
from the alimentary tract. The rapidity of 
its onset and its prevention fay postnatal ad- 
ministration of vitamin Bi 2 as well as the 
normal appearance of the young for the first 
24 hours after birth further suggest that 
“acute uremia of the newborn" is of metabolic 
origin rather than a pathologic condition es- 
tablished in utcro. Extensive data accumu- 
lated during experiments on reproduction of 
rats maintained on the ration described here 
show that often within a litter a few indi- 
viduals show the acute syndrome while their 
littermates develop normally.(12) Further- 
more, while a mother is maintained continu- 
ously on the same ration one litter may de- 
velop “acute uremia of the newborn’' while 
the next litter does not, and vice versa. The 
incidence of the condition does not seem to 
increase greatly with successive generations. 
It appears therefore that under the conditions 
prevailing in these e.xperiments circumstances 
of a marginal nature determine the incidence 
of the syndrome. Finally it has been ob- 
served(12) that a vitamin B 12 deficient ration 
per se does not necessarily cause "acute 
uremia of the newborn.” In view of these 
complex relationships clarification of the 
causes and of the nature of the syndrome 
must await further experimental evidence. 

The acute uremia in newborn pigs reported 
by Madsen ct o/.(13) and the “toxemic- 
uremic sjmdrome in bab\' pigs fed on dried 
skimmilk" observed by Green ct al.( 14) may 
be related to the syndrome in rats described 

12 . Sclmltze, M. O., unpublished. 

13. Madsen. L. I... Earle. I. P., Ileemstr.a, L. C., 
and Miller, C. O., Am. J. Yci. 1P44, ro. 2C3. 
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TABLE I. 

Effect of Titaniin Bjo on Acute Uremi.T 

of the Newborn. 



Inj. with 0.05 ^g vit. Bj; 

Uniujected controls 

From 13 From 13 

uremic litters normal litters 

From 13 
uremic litters 

From 13 
normal litters 

Total No. of young 

40 54 

52 

C3 

Young dead in 48 hr from 

7* 4 

33 


all causes 




Young ivitli acute uremia 

1 0 

36 

0 


Normal appearing 

Uremic 

Normal appearing 


young 

young 

young 

Blood urea mg/100 ml 

50.2 ±11.8 (18) t 

207.3 ± 58.2 (9)t 

53.7 ±19.8 (18)1 

21 day weaning wt, g 

Males 35.4 ± 3.11 (30) 

Males 32.7 

5.41 (26) 


Females 32.3 ± 3.7 (18) 

Females 32.5 ± 5.2 (l7) 


Number of iudivifluals gireii in parentlicses. 

* Includes 3 young killed by female. 

1 Standard deviation. Uremic litters refers to tliose in nbieli one or more rots were observed in 
acute uvenuc crisis. The others are referred to as normal litters. 


mercial soybean protein supplemented with 
liver extract (Wilson’s 1:20) or condensed 
fish solubles. Since the ration used in these 
experiments is presumably low in vitamin 
Bi 2 the experiments reported here were made. 
They appeared to be further justified by the 
preliminary observation that subcutaneous in- 
jection of an antipernicious anemia liver ex- 
tract (Abbott) into the newborn rat prevented 
the development of “acute uremia of the new- 
born.” 


Experimental. The mothers of the young 
used for these experiments were fed the fol- 
lowing ration: Commercial soybean protein 
(Archer Daniels Midland Co., Jlinneapolis) 
274.4 g; DL-methionine, 5.6 g; salts 4(10) 
(Mn"*^ concentration reduced to I /1 0th) 40 g; 
vegetable fat (Crisco) 70 g; corn oil, 10 g; 
sucrose, 610 g. Each kg of ration contained 
in addition thiaminechloride HCl, 5 mg; ribo- 
flavin, 10 mg; pyridoxine hydrochloride, 5 
mg; calcium pantothenate, 5 mg; choline- 
chforide, 1000 mg; i-inositol, 400 mg; para- 
aminobenzoic acid, 10 mg; nicotinic acid, 
20 mg; 2 -methyl-l, 4-naphthoquinone, 5 mg; 
biotin7o.2 mg: folic acid, 0.2 mg; d,l a-toco- 
pherol 100 mg: vitamin A (fish liver concen- 
trate) ' 10,000 I.U.; vitamin Dj (Delsterol) 


10. He-sted. D. M., Mills, E. C., Elvcl.jem, 
0. A., mid Hart, E. B,, J. SM. Clinn., IMl, vl3S, 


450 . 


1 500 I.U. The mothers of the young used 
were F; or Fs generation offspring from 
mothers on the same ration. They were kept 
on raised screens since weaning at 2 1 days of 
age except for a few days before parturition 
and during lactation. Within 2-3 hours after 
birth about half the number of live young in 
each litter were injected subcutaneously on 
the dorsal side with 0.1 ml of a solution 
containing 0.05 (tg of crystalline vitamin Bj» 
(Cobione Merck). Before withdrawal of the 
needle the site of injection was covered with a 
small piece of adhesive tape to prevent leak- 
age. The injected young were identified by 
snipping off the tip of the tail. 

Results and discussion. A comparison of 
the incidence of “acute uremia of the new- 
born” in injected and uninjected litfermates 
is given in Table I. Onl}’ those individuals 
were counted as having acute uremia which 
were actually observed in the acute crisis. 
Litters in which no acute uremia was ob- 
served are tabulated as “normal” litters. A 
few deaths in each group occurred from crush- 
ing bv the mothers, from unknown causes or 
probably from unobserved acute uremia in 
the uninjected control group. The fact that 
one injected individual was observed in acute 
crisis suggests that the quantity of vitamin 
Bi 2 injected was not sufticient to prevent the 
syndrome in all cases. A typical example of 
the appearance of rats with the acute uremic 
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TAEliE I. 

Degrees of Equilibrirun Attained with Various Durations of PAH Infusions without Priming 

Doses. 


Patient 

PAH clearance 
PAH space 

min. 

Plasma 
cone., 
mg % 


Out/in ratio 


Determined 

Theoretical 

Deter./tlieoret. 

H.XV. 

S3.2 


.S5 

.86 

■ .99 

SSo cc/min. 

114 

1.40 

.90 

.93 

.97 

37.1 L 

143 

1.45 

.92 

.97 

.95 


175 

1.47 

.98 

.98 

1.00 

J.D. 

4S.4 


.82 

.78 

1.05 

SSo cc/min. 

SS.7 

1.36 

.87 

.94 

.93 

28.0 E 

112 

1.44 

.92 

.97 

.95 


141 

1.46 

.96 

.99 

.97 

J.B. 

37.1 


.55 

.63 

.94 

4S9 cc/nun. 

82.8 

2.38 

.89 

.89 

1.00 

18.2 L 

99.3 

2.43 

.88 

.93 

.95 


121 

2.51 

.95 

.96 

.99 


144 

2.59 

.95 

.98 

.97 


As a criterion, of equilibrium we have divided 
tie rate of exaction in mg/min during a 15- 
20 nunute iieriod by the rate of injection in 
mg/min thus obtaining an “out/in ratio”. As 
equilibrium is approached, this value ap- 
proaches unity. 

Results. Sixteen tests were done on 14 
patients (all hut 1 males, ages 11 to SO) and 
the volume distribution was calculated at 2 
points in each test. The elapsed time at the 
first calculation point was 83 (68-121) 
minutes and at the second 130 (89-192) 
minutes. Most of the patients were excret- 
ing P.AH in the urine at the same rate it 
was being injected (mean out/in ratio .96, 
S.D. .069, S.E. .017) by the end of the second 
period although not necessarily at the end of 
the first (mean .89, S.D. .094, S.E. .024) The 
mean apparent volume distribution at the 
end of the second period was 35,9% of body 
weight with a standard deviation of 7 A, a 
standard error of the mean of 1.8 and a 
range of 22.8 to 47,8. In terms of liters per 
square meter of body surface the mean was 
13.4 with a standard deviation of 2.6, a 
standard error of the mean of 0.6, and a range 
of 9.1 to 17.7. All patients had priming doses 
except 3. Table I shows the time required in 
approaching equilibrium, in patients who re- 
ceived no primarj- dose. The percentage ap- 
proach toward equilibrium is indicated by the 
out/in ratio (% of eventual plasma level is of 


course an identical concept) . In Table I the 
figures for time intervals and plasma levels 
correspond to the mid point of the IS to 30 
minute urine collection period used in calcu- 
lating the obserx^ed out/in ratios, whereas 
in space calculations figures corresponding to 
the end of the urine collection periods were 
used. 

Disc7issio7i. The figure 36% of body weight 
lies between those reported for extra cellular 
fluid — 15%(7) to 25%(8) and total body 
water — 53%(7) to 70%, (9) indicating that 
PAH probably enters cells to some degree. 
It does not enter human red blood cells as 
several workers(10,ll) have shown and vre 
have confirmed. A recent statement! 12) that 
human whole blood and plasma PAH concen- 
trations are equal, was probably not intended 
and may have been an accident of wording. 
An alternative explanation to cell penetration 
might be that PAH reaches higher concentra- 

7, Berger, B. T., Fe3. Froc., 1949, rS, 10. 

S. jKaltreiiJer, N. L., Mcneely, G. H., ADen, J. B., 
aaO Bale, XV. B,, J. Exp. Med., 1941, t74, 5G9. 

9. Moore, F. D., Science, 1946, vl04, 157. 

10. Smith, H. XV., Piiikelsteiii, K., Aliminosa, L., 
Crawford, B., and Graber, M., J. Clin. Invest., 
1945, v24, 3S8. 

11. Bradley, S. E., and Halperin. 51. H.. J. Clin. 
Invest., 194S, v27, 635. 

12. Cargill, XV. H., J. Clin. Invest., 1949, t28, 
533. 
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in this paper. In view of the high early mor- 
tality observed in swine the prophidactic use 
of vitamin Bis in these conditions should be 
investigated. 

Summary. 1. Acute uremia of the newborn 
rat observed on rations in which a commercial 
soybean protein and DL-methionine furnish 

14. Green, W. W., Kernkamp, H. C, H., Boepke, 
M. H., and 'Winters, Ii. M., Av>. J. Vet. lies., 1949, 
vlO, Z56. 


the only source of amino acids can be pre- 
vented by subcutaneous administration of 
0.05 iig of vitamin Bw shortl.v. after birth. 

The assistance of Merck and Co., Abbott Labora- 
tories, Wilson Laboratories, Lederie Laboratories, 
and DuPont and Co. with various supplies is 
gratefully acknowledged. Mr. Ilarlvn 0. Hal- 
vorson kindly carried out the analyses for blood 
urea. 

Beceived Kovember 1, 1949. P.S.E.B.5I., 1949, v'd. 


The Volume Distribution and Equilibrium Time of Para-Aminohippurate.*' 

( 17517 ) 

Harold G. Barker,! John K. Clark,! Archer P. Crosley, Jr.,5 and Alvin J. 
Cummins (Introduced by I. S. Ravdin) 

From the Vniversily oj Pennsylvania School oj Medicine and Hospital, Philadelphia. 


Sodium para-aminohippurate (P.A,H) is 
widely used for measurement of effective renal 
plasma flow and maximal tubular excretory 
capacity (Tm). Its volume distribution is of 
importance in studies dealing with rate of 
change in PAH plasma levels and e.xcretion 
following single mjections,(I-3) or with con- 
stant infusions before equilibrium has been 
established. (4,5) Information concerning vol- 
ume distribution is also useful in calculating 
optimum priming doses for rapid achievement 
of the desired plasma level. The literature pro- 


* This \york was supported by tlie Harrison De- 
partment of Surgical Eesearcb, the Department 
of Medicine, the 'WiUiam Pepper Laboratorj-, .and 
the C. MaWon Kline Pund for developments in the 


Department of Medicine. 

t Harrison Fellow in Surgical Eesearch. 
t National Institute of Health Post-Doctorate 
Fellow. 

§ Woodward FeUow. 

1. Landowne, M., and Alvlng, A. S., J. Lab. 
Clin. Med., 1946, v31, 453. 

2. Landowne, M., and Alving, A, S., J. Lab. 


tin. Med., 1947, t32, 931. 

3. Newman, E. T., Bordlcy, J., and Wintermtz, 
Sull. Johns Sopl-ins Hasp., 1944, v75, 253. 

■4. Newman, E. V., Kattus, A., Gen^n, A 
enest J., Calkins, E., and ^lurphy, J., Bull. 

S 'WH.. W. ■»«- 'f • 'f, , „ „ 

5. Berger, E. T., Farbcr, S. J., and Earle, D. P., 
. Clin. Invest., 1948, v27, 710. 


vides verj’ few data on the PAH space. It has 
been stated to be 28% of body weight in the 
dog(6) and estimates of 4-5 Hters(4) and 20 
liters (5) have been made for man. We are 
■therefore reporting its determination in man. 

Methods. All patients were free of rciLal, 
cardiac, or other diseases which might be ex- 
pected to alter fluid compartments. An in- 
travenous priming dose of PAH was given 
over a 7-9 minute period and this was fol- 
lowed by a constant intravenous infusion for 
1J4-3 hours. In three patients the priming 
dose was omitted. Infusions (both priming 
and sustaining) were given at an extremely 
constant and accurately known rate by means 
of a motor driven worm screw pushing on tJie 
barrel of a 50 cc syringe. Urine was collected 
by catheter with bladder washing. The anti- 
coagulant was heparin powder. Total PAH 
was determined according to Newman.(4) 
This method in our hands gives complete hj'- 
drolysis of acetylated PAH. Its use, in tlie 
cases reported resulted in no destruction of 
free PAH, as indicated by identical values in 
infusion solutions analyzed as free and total. 
The total amount of P.'^H c.xcreted was sub- 
tracted from the total amount injected and 
this difference divided by the plasma level to 
arrive at the apparent vol ume distribution. 

6. Houck, C. B.rpfd. P^ 1949, vS, 78. 
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A Rapid Bone Sectioning Technic.* (17518) 

Paul G. Roofe, Frank. E. Hoecker, and Carroll D. 1'oorhees (Introduced by 

William C. Young) 

From the Departments of .tiioiomy and Physics, University of Kansas. 


This paper describes a recently developed 
apparatus and technic for rapidly cutting un- 
decalcified bone sections sufficiently thin 
for microscopic and autoradiographic study. 
This technic is particularly applicable to the 
sectioning of old, dried bone or bone from 
mature animals. Sections may be cut at the 
rate of 20 to 40 per hour and they may be 
cut serially with the loss of not more than 
150 microns of material between sections. 


I. Tltc Scciionitig Apparatus. conven- 
tional brain microtome was adapted by sub- 
stituting a rotary, motor driven saw blade 
for the stationary knife blade. The bone to 
be sectioned was clamped in the reciprocating 
carriage which fed the bone to the saw. The 


* Tills ivork hns been spnnsored by tbe Office of 
Naval Eesoarcb iiiidci- t'oiitiact NO ONK 260, 
T. O. 1. 
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tions in some part of its volume distribution 
than in plasma. We have not considered in 
the present communication the question of 
expanding and shrinking apparent volume dis- 
tributions. The mean space at the first 
calculation point rras 34% and this rose to 
36% the time of the second calculation 
point (some 47 minutes later). This dif- 
ference is statistically significant and could 
represent an e.xpanding space. We are more 
inclined however to think that the finding 
arises from the fact that our priming dose in 
most cases was less than optimal and plasma 
equilibrium had not yet been achieved at the 
first calculation point. It is to be e.xpected. 
of course, that any space calculation made 
before equilibrium has been achieved will be 
falsely low if the plasma level is rising and 
high if plasma level is falling. The magni- 
tude of the volume distribution error is not 
known but it is probably small when the 
change in plasma level is occurring at a slow 
rate. 

In practice of course, it is impossible to 
know what the eventual equilibrium plasma 
level nail be and consequently one cannot 
detect the lack of equilibrium by comparing 
a specific plasma concentration with the 
eventual plasma level. It is known however 
what the eventual rate of excretion will be 
{/.e. equal to the rate of injection) and there- 
fore examination of the out/in ratios is a far 
more useful index of equilibrium than judg- 
ments reached from comparison of several 
plasma determinations because, during a slow 
rise, the difference between successive samples 
may be no greater than the error of the 
method. For technical reasons equilibrium is 
desirable although not essential in all clear- 
ance determinations. If however, the rate of 
infusion is to be substituted for the rate of 
excretion, (5) then equilibrium is an absolute 
prg. requisite, hlewman has suggested recent- 
ly{4) that if the PAH prime be omitted en- 
tirely, equilibrium will be reached in 20-30 
minutes. On the basis of out/in ratios how- 
ever. our subjects did not seem to reach equi- 


librium under 2 hours even with a priming 
dose. It can be shown by substitution of our 
determined PAH space and reasonable clear- 
ance values for the average person in New- 
man’s formulall that, when the priming dose 
is omitted, it should require 77 minutes to 
reach 90% of the er'entual plasma level, 100 
minutes to reach 95% and 153 minutes for 
99%. Table I shows experimental values in 
close agreement with these calculations. New- 
man’s estimate of 20-30 minutes equilibrium 
time was based on an erroneously low value 
of 4-5 liters for volume distribution. 

We have not attempted to determine ex- 
perimentally the exact size of the optimal 
priming dose for rapid achievement of equi- 
librium. It would appear from comparison 
of our data with and without priming doses 
that use of doses of 0.5 to 0.7 g injected over 
a period of 7-9 minutes does not appreciably 
hasten equilibrium over complete omission 
of a priming dose. It may be that use of a 
considerably larger dose would be of snlue. 
Berger, ct al.{5) seem to have had some suc- 
cess with priming doses of 0.8 g, frequently 
reaching satisfactory equilibrium in 60-90 
minutes. 

Summary and conclusions. 1. The apparent 
volume distribution of P.AH is 35.9 (S.D. ±. 
7.3) % of body weight. 

2. If the priming dose is omitted and the 
plasma level allowed to rise slowly during an 
intravenous infusion of P.AH, the plasma con- 
centration appears to reach about 90% of its 
eventual level in 75 minutes, 95% in 100 
minutes, and 99% in 150 minutes in the 
average patient, so long as tlie plasma con- 
centration remains below that of beginning 
saturation of tlie tubular excretory medianism. 


■1 p _ (1 — o'"'.''') ^Y!lcre P is the ul.'ism.'i 

C 

conceiUr.ation, IV is the infusion rate, C is the 
clc.ar.anee, t is time :>nd Vc is tlie npiiarcnt volume 
distribution. 

Received November 1, 1040. P.S.E.B.Jt. IP-tP. \ 
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Pig. 3. 

The cut section is approximately 30 microns thick and rras cut from a piece 
of human bone from an individual 30 years of age at the time of death, which 
occurred 18 years ago. 


of biopfastic which serves as a binder to pre- 
vent shattering of the section during cutting. 
The bone is prepared by embedding in Bio- 
plastic5 which, after hardening, is trimmed to 
leave only a thin shell surrounding the bone. 
This is best accomplished by using a router 
bit in a motor driven hand tool. A rectang- 
ular block of the plastic is left attached to 
the end of the bone by means of which it may 
be clamped in the microtome carriage. 

m. Sectioning Procedure. Before cutting 
each section, a flexible, plastic coverslip is 
placed over the free end of the bone. The 

i Ward’s Natural Science Est-ablishraent, 
Bochcstcr, K.X. 


coverslip is held in place by a holder mounted 
on a short metal rod, the base of which is 
attached to the carriage of the microtome. 

A damper, consisting of a small piece of 
a microscope slide, is placed on top of that 
part of the coverslip immediate^ covering the 
free end of the bone. The damper, besides 
being attached to the coverslip holder by two 
strong threads, is held in place by a spring- 
wire keeper. The keeper is mounted in. a 
position abov'e the coverslip holder on the 
same rod. The end of the keeper is bent at 
right angles to the long axis and rests upon 
the damper. Fig. 2 is a schematic diagram 
of the arrangement of the various parts de- 
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Fig. 2. 


Details of bone-sectioning instrument. A. Motor. B. Motor mounting blocks %Tbidi permit 
rotation of tbe motor about a horizontal asis perpendicular to the plane of the paper. C. Saw 
blade. D. Bone mounted in bioplastie. E. Pleidble coverslip resting on upper surface of bone 
to retain cut section, E. Coverslip clamp. G. Wire for adjustment of pressure between 
coverslip and bone. H. Inde.v arm for adjustment of attack angle of saw. I. Carriage wav. 
J. Bono carriage. 


motor used in this apparatus is a “war sur- 
plus” itemt designed to drive a rotary switdi 
in aircraft. Its small size {2j4 inches x 1J4 


inches diameter) and the rigid ball bearing 
mounting of the armature are highly desirable 
features. However, other designs of motors 
would no doubit be usable provided the arma- 
ture end-play was eliminated. The motor is 
mounted on a solid steel bar machined to fit 
the knife blade clamps on the chassis of the 
microtome. These clamps are adjustable so 
that rotation of the motor about an horizontal 


axis perpendicular to the path of the bone is 
possible. This permits a fine adjustment of 
the angle of attack of the saw blade, pre- 
venting it from cutting out of or into tbe 
bone as the section is cut. Figure 1 is a 
close-up photograph of the essential features 
of tbe apparatus. The circular saw bladest 
(commercially available for use in motor driv- 
en hand tools) are approximately % mch m 

IDremel Manufacturing Co., 2-100 Eigbteontli 


St,, Bacine, ‘Wise. 


diameter, have 88 teeth vtathout set and are 
150 microns thick. The blades are attached 
to the armature shaft, the end of which is 
machined to the diameter of the hole in the 
blade, by damping it between thick, cone- 
shaped washers which serve to hold the blade 
rigid. The speed of the motor is controlled 
by a variable transformer. 

Since these blades are manufactured in 
quantity by stamping, it is frequently found 
that the mounting hole is not exactly centered. 
This results in excessive vibration which in- 
terferes with the cutting of the very thin sec- 
tions. This difficulty may be overcome by 
placing the blade in a mandrel which holds it 
over an accuratel3^ centered hole slightly 
larger than the original hole. The mounting 
hole is then ground to the slightly larger size 
of the centered hole. This, of course, neces- 
sitates the use of a machined motor shaft the 
same size as the enlarged hole. 

II. Preparation of Bones. The cutting of 
veiA' thin sections (20-30 microns) 
tafes that the bone be surrounded with a shell 
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Fig. 3. 

The cut section is approsimately 30 microns thick and was cut from a piece 
of human bone from an individual 30 years of age at the time of death, which 
occurred 18 years ago. 


of bioplastic ivbich serves as a binder to pre- 
vent shattering of the section during cutting. 
The bone is prepared by embedding in Bio- 
plastic^ which, after hardening, is trimmed to 
leave only a thin shell surrounding the bone. 
This is best accomplished by using a router 
bit in a motor driven hand tool. A rectang- 
ular block of the plastic is left attached to 
the end of the bone by means of which it may 
be clamped in the microtome carriage. 

m. Sectioning Procedure. Before cutting 
each section, a flexible, plastic coverslip is 
placed over the free end of the bone. The 

f Ward’s Natural Science Establishment, 
Eochestcr, N.Y. 


coverslip is held in place by a bolder mounted 
on a short metal rod, the base of which is 
attached to the carriage of the microtome. 

A damper, consisting of a small piece of 
a microscope slide, is placed on top of that 
part of the coverslip immediately covering the 
free end of the bone. The damper, besides 
being attached to the coverslip holder by two 
strong threads, is held in place by a spring- 
wire keeper. The keeper is moimted in. a 
position above the coverslip holder on the 
same rod. The end of the keeper is bent at 
right angles to the long axis and rests upon 
the damper. Fig. 2 is a schematic diagram 
of the arrangement of the various parts de- 
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scribed. The heat generated by the saw blade 
softens the plastic coverslip just enough to 
secure the section after the bone and sur- 
rounding plastic are completely cut through. 
The coverslip also prevents the section from 
warping. The. damper serves to reduce a 
slight vertical flutter which appears in the 
saw blades when traveling at high speeds and 
also to minimize other extraneous vibrations. 
The keeper facilitates a fine adjustment of the 
pressure e.xerted upon the coverslip. The 
operating speed of the motor, and hence the 
saw blade speed, depends upon the type of 
bone being cut (degrees of hardness, inherent 
structure, etc.) ; the cross sectional area of the 
bone; the speed at which the bone is fed to 
the saw blade; and the thinness of the desired 
sections. Due to the extreme variability of 
these factors, it is difficult to set down definite 
rules for governing the saw blade speed; hence 
an insight into the problem must be acquired 
largely through experience. 

The cut should lie made in one firm smooth 
motion as rapidly as possible so that the 
section will be in contact with the saw blade 
a minimum period of time. It has been found 
that the bone should be moved against the 


saw blade at a speed approximately 0.5 cm/ 
sec. for best results. After cutting, the sec- 
■ tions can be removed from the coverslip by 
means of a thin razor blade. 

If sections are being cut from a bone having 
a relatively small cross sectional area, a sec- 
tion will sometimes be lost because not enough 
of the coverslip is softened to secure the sec- 
tion. This loss can be prevented by stopping 
the cut before the trailing edge of tlie plastic 
is completely severed. The cut can then be 
finished with a thin razor blade mthout loss of 
the section. Figure 3 is a photomicrograph of 
a section of human bone cut by this method. 
The cut section is approximately 30 microns 
thick and was cut from a piece of human bone 
from an individual 30 years of age at the 
time of death, which occurred eighteen years 
ago. The bones were kept in a sealed glass 
jar in the dry condition for the eighteen-year 
period. They were prepared for sectioning by 
embedding in Bioplastic as described above 
without any other treatment of any kind. 
Several thousand sections have been cut by 
this method. 


Ececivcd November 1, 1949. P.S.E.B.5I., 1949, v79. 


Effect of Pilocarpine on Epinephrine Reversal Produced by 2-(N-p'toly-N- 
(ni'-hydroxyphenyI)-aminomethyI)-ImidazoHne. HGl (G-7337)* (17519) 

James L. !Morrison, Richard J. Langston, and .'\rthur P. Richardson 

From the Department oj Pharmacology, Emory University School of Medicine, Ga. 


The recent introduction of a number of new 
drugs, which antagonize the pressor action of 
epinephrine, has created renewed interest in 
the well knmvn phenomenon of epinephrine re- 
versal. This problem is of considerable prac- 
tical importance since many of these newer 
a^^ents are being used in the treatment of 
h^an disease as a possible substitute for 
surgical sympathectomy. There have been a 
number of hjiiotheses suggested which at- 


in p-irt by 

•e^earch gwnt from Ibo Division of Bcsearcl. 
ints and Fellowsbips of tlic N.ation.al Institutes 
He.aitb, TJ. S. Public Healfb Service. 


tempt to explain the phenomenon of epineph- 
rine reversal, none of which seems adequate. 
Substances which produce an epinephrine re- 
versal are considered to block some part of 
the neuro-muscular apparatus which is con- 
cerned with the exciter actions of epinephrine, 
thus uncovering the inhibitory functions of 
epinephrine. The antagonism of epinephrine 
reversal by a wide variety of agents has been 
reported in recent months. (1-3) 

1. G^and Bussell, D., Fed. Froc.. mO, 

vS. 280. 

2. King, T. O., and ICoppanyi, T., .A 
Pharm. Assn., 1949, v37, 340. 
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Fig. 1. 

Fnanestlietized dog. Events reading in sequence from left to right. Blood pressure re- 
corded from femoral artery. A — Control injection of epinephrine. B- — Epinephrine after 4.0 
mg per kilo of C-7337. C — Epinephrine after C-7337 and 0.25 mg per kilo of pilocarpine. 
D — Epinephrine after C-7337, pilocarpine and 10 minutes after 1.0 mg per kilo of atropine. 


.•^though there has been little similarity in 
the chemical or physiologic action of most of 
these agents, there has been some agreement 
that pilocarpine and other parasympathomi- 
metic agents were most active. Since this 
phenomenon seems to us to have an important 
bearing on our concepts of autonomic physiolo- 
gy and pharmacology we have quantitated this 
effect using a new- adrenolytic agent C- 
7337.(4) 

Methods. Unanesthetized dogs were tied to 

3. Konzett, H., F.ipercntia, 194S, t4, 403. 

4. Meier, B., Yonkman, F,, Craver, B. N., and 
Grass, F., Pnoc. Goc. Exp. Biou .vKt) Meo., 1949, 
v71, 70. 


an operating table and under procaine local 
anesthesia, a femoral artery and vein were 
exposed and caimulated. The artery was con- 
nected to an Anderson glass capsule mano- 
meter (5) for recording of arterial pressure 
and pulse. The vein was connected to a sys- 
tem which permitted easy injection of drugs. 
.A.11 drugs were given intravenously and washed 
in with 10 ml of normal saline. Each animal 
was heparinized by the injection of 1 mg/kg 
of heparin and the manometer system was 
filled with heparinized saline. Recordings 
were made on smoked kj'mograph paper. Epi- 

5. Anderson, F., J. Lnb. Clin. Ifcd., 1941, v2G, 
1520. 
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nephrine was injected in a dose which pro- 
duced approximately 40 mm rise in pressure, 
foilowing which 4 mg per kg of C-7337f was 
injected. This dose of adrenolytic agent is 
approximately 4 times that required to' block 
the action of epinephrine(4,6) and produces 
effects which last for at least several hours. 
Following the injection of the adrenolytic 
agent, epinephrine was injected again in the 
same dosage as used in the control period. 
This invariably produced a fall rather than a 
rise in blood pressure. Gradually increasing 
doses of a variety of substances were then in- 
jected to test their effect on the epinephrine 
reversal. Dosages were continued until the 
epinephrine reversal was abolished or toxic 
symptoms were produced. Because of the 
fact 'that the injection of epinephrine after an 
adrenolytic agent produces an effect on the 
circulation comparable to that of isopropyl 
norepinephrine, it seemed of interest to de- 
termine tlie effect of pilocarpine on the de- 
pressor action of the latter compound. 

Results. We have found that pilocarpine, 
physostigmine, and choline all possess the 
ability of abolishing epinephrine reversal. 
Kymograph records from a typical experiment 
are illustrated in Fig. 1. Since pilocarpine 
produced the most striking results, this agent 
was studied in sufficient detail to describe the 


relationship between dosage and effect. A 
total of 5 dogs were used and the results of 
these studies are summarized in Fig. 2. 

Following the abolition of epinephrine re- 
versal, atropine in a dosage of 1 mgAg 
injected intravenously. Epinephrine injected 
within 5 minutes after atropine produced only 
slight effect upon blood pressure. If, how- 
ever 10 minutes were allowed to elapse be- 
fore epinephrine was reinjected, it invariably 
produced the same depressor effect which is 
observed immediately following administra- 
tion of the adrenolytic agent. 

In 6 e.xperiments, using isopropjl norepi- 
nephrine, it was found 'that pilocatpine in a 
dosage of 0.5 mg/kg blocked the action of 
.001 to .004 mg/kg of isopropyl norepi- 
nephrine.f Fig. 3 illustrates one of these e.v- 
periments. Of interest also was confirmatior 
of the observations of Raymond-Hamet(7) 
that pilocarpine antagonizes the action of 
acetylcholine as shown in Fig. 4. 

Further evidence of the similarity of action 
of isopropyl norepinephrine and the inhibitory 
effects of epinephrine following an adrenergic 
agent was shoum by the fact that the pilocar- 
pine blockading action could be reversed by 
atropine. Similar results have been reported 
by Fromherz.fS) 

That antagonism of C-7337-epinephrine re- 
versal by pilocarpine was not limited to this 



Si oA 

pilocarpine msus/elo 
Fig. 2. 

Nummary of 5 experiments in vmanestteUzed 
aoES aTioufng the xclationship between dosage of 
Sarpinc and antagonism of cpinephnne rerers-al 

by 0-7337. 

ProdMts,^^!^ H. A., Morrison, J. I/., and Bich.-ird- 
son, A. P; unpublished observations. 


one adrenolytic agent was obtained from e.x- 
periments showing that dibenamine-epineph- 
rine reversal was also blocked by pilocarpine. 

Discussion. The results presented above are 
difficult to explain in terms of present con- 
cepts of function of peripheral autonomic 
mechanisms. The similarity of action of iso- 
propyl norepinephrine and the cardiovascular 
inhibitory actions of epinephrine after an 
adrenolytic agent suggests a common mode of 
action. The effect of parasympathetic stimu- 
lants and depressants on these phenomena 
suggest some relationship between the recep- 
tive mechanisms of the inhibitorji^ sympathetic 
end organs and the receptive substance of the 

+ Generously supplied by Sterlinp-tt intlirop Ke- 
search Institute. 

7. K.ayinond-Hanict, C. E.., <7. 7!. snc. hiol„ 1S34, 
vllo, 1076. 

8. Fromlicrz, K., FupcrcnltG, I0iC>, v2, 4. 
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Pig. 3. 

TJnanesthetized dog. Events leading in sequence from left to right. Blood 
pressure recorded from femoral artery. A — Control injection of isopropyl 
norepinephrine. B — Isopropyl norepinephrine after 0.5 mg per hilo of pilocar- 
pine. C — Isopropyl norepinephrine after pilocarpine and after 1.0 mg per Idlo 
of atropine. 



Pig. 4. 

Bnanesthetized dog. Blood pressure recorded 
from femoral artery. Left — Control injection of 
acetylcholine. Eight — Same dose of acetylcholine 
10 minutes after 1 mg per kilo pilocarpine. 


parasympathetic system. This relationship, 
however, is not immediately clear, but points 
to the need for a more complete study of the 
interaction of autonomic drugs. 

Conclusion 1) Epinephrine reversal pro- 
duced by 2-(N-p'tolyl-N-(m'-hydroxy-phe- 
nyl)-aminoethyl)-Imidazoline HCl (07337) 
ma}' be abolished by the injection of pilocar- 
pine and other parasympathomimetic agents. 

2) The reversing action of such an adreno- 
Ij^ic agent ma}'^ be reinstated by injection of 
atropine. 

3) Pilocarpine is also effective in decreasing 
the depressor action of isopropyl norepineph- 
rine and of acetylcholine. 

Bcceived November 1, 1949. P.S.E.B.M., 1949, v72. 
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Chromatographic Demonstration of Histamine Release in Anaphylactic 
and Trypsin Shock. (17520) 


Karl F. Urbach 

From the Department oj PbarmacoIoBy, Northu’estern University Medical School, Chicago, III. 


A large body of evidence has accumulated 
to indicate that histamine is released in 
Bnaphyiactic shock and similar reactions in 
amounts adequate to account for many feat- 
ures of these phenomena. (1-4) The methods 
employed to ascertain the presence of his- 
tamine in such phenomena were based mostly 
on the biological activity of this substance. 
Convincing chemical proof has been lacking 
since adequately sensitive and specific chemi- 
cal methods to detect small amounts of hista- 
mine in the presence of other substances have 
been developed only very recently.(5,6) A 
preliminarj' report has described the identifi- 
cation of histamine released from sensitized 
rabbit blood cells in vitro by paper chroma- 
tography (7) and further proof for the speci- 
ficity of the method has been presented. (8) 
The purpose of this communication is to pre- 
sent more complete details as to the method 
and to report the results obtained by its use 
in anaphylactic and trypsin shock in dogs. 

Method. Blood samples (40 ml) were col- 
lected in heparinized or oxalated tubes from 
dogs undergoing shock. The samples were 
centrifuged and the plasma (approx. 20 ml) 
separated. Each plasma sample was diluted 
with an equal volume of distilled water in a 
shell vial and 3 g of a salt mixture (consisting 


1. Dragstedt, C. -A., J. Allergy, ifl-tj. vlG. O'.O. 

2. Selie, W. A., rc-rn.? Key. an Biot, and J/ed., 
1946, v4, 13S. 

3. Ramirez tic AicH.tiio, M., Lawton. It., .and 
Dragstedt, C. A., Pnoc. Soc. E.xp. Biol, and Med.. 
1940, v43, 360. 

4. Holmes, C. A., Ojers, G., and Drag.stedt, 
C. A., Pkoc. Soc. Exp. Biol, and Meo., 1941, 


r46^ 57C, 

5. Eosentlial, S. M., and Talmr, H., J. FI, arm. 
and Fxp. The, -ay., 194S, v92, 426. 

0. Heintire, F. C., Sproull, M., and U'liitc, F. B., 

Fed. Proc., 1949, vS, 102. 

7. Hrbacli, K. F., and Giseafrtv L., Proc. Soc. 
Exp Biol, axo Hed., lO'tS, vGS, 430. 

S. Hrbacli, K. F., Proc. Soc. Exp. Biol, .and 


yiEH.. 1940. xio, 146. 


of 62.5 g anhydrous NaeSOi and 10 g 
NasPOi • HjO) was added for each 10 
ml of the diluted plasma, according to the 
procedure of :McIntire.(9) To each 20 ml 
of diluted plasma 10 ml of butanol were 
added to extract the histamine and the 
samples were shaken in a mechanical shaker 
for 30 minutes. The aqueous, protein 
and butanol layers were separated by cen- 
trifugation. The butanol layer was drawn off 
and placed into a clean shell vial. The butanol 
extraction was repeated and all butanol ex- 
tracts from each plasma sample were com- 
bined. (.An increase in the amount of butanol 
was not found to improve the histamine e.x- 
traction significantly, with amounts of plasma 
up to 20 ml. Increasing the number of butanol 
extractions, similarly, had no appreciable 
effect on the recovery of histamine when added 
to control plasma.) 

To the combined butanol e.xtracts were 
added 5 ml of 0.5 X H 2 SO^. The tube was 
shaken for 10 minutes, centrifuged briefly and 
the aqueous bottom layer transferred to a 
small glass-stoppered xdal by means of a 
suction-bulb pipette. (9) The butanol solu- 
tion was again extracted with 2 ml of H^O in 
a similar manner and this second aqueous 
la 3 'er combined with the acid. 

The combined H-SOj and HsO extracts 
were neutralized with 10% XaOH in a small 
glass-stoppered vial and 1.5 g of the pre- 
viouslv' mentioned salt mixture and 2.S ml of 
butanol were added. .After shaking the vial 
for 20 minutes, the layers were separated by 
brief centrifugation and the butanol layer 
transferred with the suction-bulb pipette to 
an applicator pipette in contact with the filter 
paper strip* which was stretched horizontallv' 

~ 9. Mcliitiic, F. a, Rotli, L. vr., ati.i Sfi.ur, .T. L., 

J. Biol. Chem., 1947, vl70, 537. 

*The filter p.iper used in this and previous 
work w'as supplied bv the Eatoii-Bikeiiuiu Co., 
Mount Holly Springs. P.o., in convenient rolls, 

wide. 
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TABLE I. 

Histamine Content {fig Base per 20 ml) of Dog Plasma Before and During Anai)hvlactie 

Shock. 


Dog. No. 

Degree of 
shock 

By paper chromatography 

By bioassay 

r 

Before 

During 

Before 

During 

1 

Fatal 

0 

>10 

<1 

.50 

2 

i 7 

0 

>10 

<1 

4S 

3 

7 J 

0 

>10 

<1 

10 

i 

Mild 

0 

0 

<1 

< 1 

5 

Fatal 

0 

>10 

<1 

2S 


TABLE n. 


Histamine Content (^ig Base per ml) of Dog Plasma Before and During Trypsin Shock. 


Dog 

No. 

Dose trypsin, 
mg/hg 

Degree of 
shock 

By paper chromatography 

By bioassny 

Before 

During 

Before During 

1 

50 

Mild 

0 

>3<5 

Not done 

2 

100 

Fatal 

0 

>10 

<1 3S 

3 . 

100 

} * 

0 

0 

<1 <1 

4 

100 

t • 

0 

>10 

Not done 

0 

100 


0 

>10 

M M 

0 

100 

J * 

0 

>10 

19 ft 


over a hot plate (temperature at level of strips 
70-70°) as previously described.dO) The 
e.vtraction of the aqueous layer was repeated 
ivith 1 ml of butanol which was added to the 
first butanol extract in the pipette. 

-After application of the final butanol ex- 
tract to the paper strip, the strips from both 
control and shock samples of blood were 
stapled to narrow cardboard at intervals of 
cm. Chromatography with butanol sat- 
urated with 10% NH4OH, and color develop- 
ment with diazotized p-bromoaniline was car- 
ried out as described in a previous com- 
munication. (8) Histamine, when present in 
amounts exceeding 2-3 pg. made its appear- 
ance on the strips as a red band at an Rf value 
of approximately 0.56. Control strips to 
which known amounts of histamine had been 
applied were run simultaneously. This per- 
mitted a rough approximation of the amount 
of histamine in the 20 cc plasma samples. 

Anaphylactic shock. Blood samples were 
collected from 5 dogs sensitized to horse 
serum both before and 1-3 minutes after i.v. 
injection of the antigen. The release of his- 
tamine as shown by chromatography and bio- 
assay t is summarized in Table I. One of the 
experiments is illustrated in Fia. 1. 

10. Urbacli, K. F., Science, 1949, vl09, 259. 


Trypsin shock. Six dogs were injected i.v. 
with crystalline trypsin (.Armour). Blood 
samples were taken before and during shock. 
The results are summarized in Table II. One 
of the e.xperiments is illustrated in Fig. 2. 

Release of histamine in dogs shocked with 
peptone could not be demonstrated by chrom- 
atography since the amounts of peptone re- 
quired to produce severe or fatal shock ( 1 cc 
of 20% Bacto-Protone (Difeo) Teg) inter- 
fered markedly with the chromatographic 
procedures. This was in part due to the in- 
terference of peptone with proper separations 
on the chromatograms, as well as to the 
presence of substances in the peptone solu- 
tions which give a strong color reaction with 
the diazotized p-bromoaniline used as the 
color reagent on the chromatograms. .At- 
tempts to separate these interfering substances 
by either electrodialysis or repeated butanol 
extractions of peptone solutions resulted in 
fractions which did not produce shock in the 
dogs. Addition of small amounts of peptone 
solutions to normal rabbit blood, however, 
caused release of histamine into the plasma 
which could be demonstrated by the chrom- 
atographic procedure. 

f .All bioassars were kindly performed by Dr. 
Lorenzo Giscafr^ and Dr. Wilson T. Bcraldo. 
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A QlZ MCGM HSTAMINEBASE 
; B 0.3 » • ■ ; 

C 0.5 > I ■ ■ . 

. D 0. 7 . • • 


Fig. 1. 

Paper chromatograms, hlood pressure record 
and bioassay from a dog during anaphylactic 
shock. 

1, 2 and 3 on B.P. record signify blood samples 
drama S — antigen injection. 

1, 2 and 3 on chromatograms and bioassay record 
correspond to the respective blood samples. 

■4 on chromatograms represents 10 /<g pure hista- 
mine base cliromatographed as control. Note the 
much heavier bands of histamine on strips 2 and 
3 at the same location and absence on strip 1. The 
substancefs) on strip 2 and 3 responsible for the 
dark bands below the histamine bands have not 
been identified. 

A, B, C, D on bioassay record represent standard 
amounts of histamine added to the muscle bath for 
calculation of the amounts of Iiistamine in the 
plasma samples. 

Dhctissmt. The experiments described 
identify histamine liberated during anaphylac- 
tic and trypsin shock in dogs. While the 
chromatographic method as employed rou- 
tinely in this study does not permit exact 
quantitation, a better estimation of 
amount of histamine can be achieved by 
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Fig. 2. 

Paper chromatograms, blood pressure record 
and bioass.ay from a dog during trypsin shock. 

3 and 4 on B.P. record signify blood samples 
drawn T — trypsin (100 mg/kg) injection. 

3 and 4 on chromatograms and bioass,ay record 
correspond to the respective blood samples. 

5 on chromatograms represents 10 ftg pure hista- 
mine chromatographed as control. 

6 on chromatograms represents 40 mg trypsin 
chromatographed as control. 

A on bioassay record represents a tty'psin con- 
trol. 

B, C, D, E on bioassay record represent stnnd.ard 
amounts of bistamino added to the mnsclc bath for 
calculation of the amount of histamine in the 
plasma samples. 

chromatographing a series of control strips 
with graded amounts of histamine along mth 
aliquots of the sample. For e.xampic — ali- 
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quots of the first butanol extract of the shock 
plasma obtained from one of the dogs ■were 
chromatographed with a standard series of 
histamine samples, A butanol sample con- 
taining 7.8 /ig histamine (calculated on the 
basis of bioassay of the plasma) showed a 
chromatogram falling between standard 
chromatograms of 5 and 10 fig histamine and 
corresponding most closely to the 7 fig stand- 
ard as judged by an unbiased observer. The 
chromatographic method ■with a limit of sen- 
sitivity of 2-3 fig per sample is obviously in- 
ferior to bioassay in this respect but is superior 
so far as specificity is concerned. The dem- 
onstration of histamine release in amounts 
roughly equivalent to those obserc'ed in the 
anaphjdactic experiments in a high percentage 
of the trypsin shock experiments confirms an 
earlier report from this laboratory (3) but is 
in contrast to a more recent report, also from 
this laboratorj'.(ll) We are not at present 


prepared to explain the discrepancy. 

Summary. A method for the chemical 
identification of histamine in blood by paper 
chromatography is described in detail and 
experiments are presented to show the release 
of relatively large amounts of histamine in 
dogs undergoing anaphylactic and tr>i3sin 
shock. Peptone, when injected into dogs in 
amounts sufficient to produce severe shock, 
interfered with the identification of histamine 
which could, however, be found on the chrom- 
atograms after addition of small amounts of 
peptone to rabbit blood {in vitro). 

The author wishes to express his appreciation 
to Dr. Carl A. Dragstedt for many helpful sug- 
gestions. 

11. cyells, J, A., Morris, H. C., and Dragstedt, 
G. A., Peoc. Soc. Exp. Biol, axd Med., 1916, 
v6-2, 209. 

Beecived November 1, 1949. P.S,E.B.M., 1949, v"2. 


Inhibition of Hyaluronidase by Aromatic Compounds. (17521) 

B. Calesnick and R. Beutner. 

from the Department of Pharmacology, Hahnemann Medical College, Philadelphia, Fa. 


The aim of our experiments was to find 
substances inhibiting the action of hyaluroni- 
dase. Repeating Guerra’s work,(l) we(2) 
coi^rmed his observations that this enzyme 
■was inhibited by sodium salicylate. Prior to 
this, hyaluronidase was found to be inhibited 
by heparin, gastric mucin, pseudo-globu- 
lin, (3) morphine,(4) hyaluronic acid,(5) 
e3trogens(6) and, of course, enzyme inactiva- 
tors. These experiments were carried out 
■in vivo. By studying the effect on the area 

1. Guerra, P., Peoc. Soc. Exp. Biol, jlxb Med., 

1946, v87, 3, 

2. Oalesuick, B., and Beutner, B., Fed. Froc., 

1947, tG, 1. 

3. McClcan, D., Biochem. J., 1941, v35, 159. 

4. Oahen, B. L., and Granicr, M., Yale J. Biol. 
Med., 1944, vlG, 257. 

3. Meyer, K., Dnbos, H., and Smyth, E. M., 
J. Biol. Chem., 1937, vllS, 71. 

6. Spmnt, B. H., McDcarman, S., and Baper, J., 
kT, Ftp- Med., 1938, v67, 159. 


of spread in the skin, it was found that 
ascorbic acid, (5) glycerin, (7) triacetin,(7) 
arsenious oxide,(7) lecithin,(8) peptones, (8) 
urethane, sodium diazobenzene sulfonate, (9) 
hirudin,(7) human urine (10) and diazotized 
proteins(ll) enhance this enzymatic action. 
Obviously, these lists fail to reveal chemical 
structures which are essential for anti- 
hyaluronidase activity. We, therefore, under- 
took to study a series of simple chemically 
related compounds and used the turbidimetric 
method described by Kass and Seastone,(12) 


7. Hobby, G. L., Dawson, M. H., and Meyer, K., 
J. Exp. Med., 1941, t73, 109. 

8. Duran-Heynals, P., Bact. Bcv., 1942, vG, 197. 

9. Evans, D. G., Xatvre, 1940, vl45, 866. 

10. Christensen, J. P., Hospitalstid., 1948, vSl, 
572. 

11. Madin.avcitia, J., Biochem. J., 1941, v35, 453. 

12. Kass, E. H., and Seastono, C. V., J. Exp. 
Med., 1944, v79, 319. 
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It is based on the observation that pure 
hyaliironate in a buffered solution produces 
a fairly stable colloidal suspension when mixed 
with diluted addified horse serum. There 
is a reduction in turbidity when hyaluronate 
is depolymerized by hyaluronidase. The 
efficiency of various inhibitors can be studied 
by measuring the turbidity of the various 
mixtures when compared to controls. This 
turbidity is a function of the undecomposed . 
hyaluronic add present. When the enzyme 
is introduced into the system, the turbidity 
produced holds an inverse relationship to 
the hyaluronidase content. 

To determine the effect of a particular 
chemical, a series of freshly prepared dilu- 
tions of the enzyme were prepared. Five 
tubes were used with serial dilutions running 
in the order of 10, 20, 30, 40 and 50 y of 
enzyme per cc. Since the concentration of 
the original solution was 100 y per cc, 0.1, 
0.2, etc. of this solution was placed in the 
tube and diluted to 0.5 cc with buffer pH 
6.0 to maintain constant volumes. To eadi 
of these dilutions, 0.5 cc of the hyaluronate 
solution (0.04 mg/cc) was then added. Im- 
mediately after this, 0.1 cc of the compound 
to be tested was added to another tube which 
contained 50 y of hyaluronidase and the sub- 
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CONCENTRATION OF HYALURONIDASE 

; (gammas) 

Tib. 1. 

JXetliod used to c.^lculafo activity of inhibitors. 

D — Turbidity equivalent to 50 y of hynluroni- 
dose. 

B — Turbidity obtained by the addition of 
sodium salicylate. 

AB — Quantity of hyaluronidase remaining after 
using sodium salicylate. 

CD — Quantity of hyaluronidase inactivated by 
10 y of sodium salicylate. 


strate. All tubes were then incubated for 30 
minutes in a constant temperature water bath 
at 37.5°C. The remainder of the procedure 
was performed as outlined by Kass and Sea- 
stone. Whenever possible, several determina- 
tions were made the same day. Each day a 
curve was plotted anav. This was desirable 
because of the variability and colloidal in- 
stability of proteins in the diluted horse 
serum which served as an indicator for un- 


decomposed hj'aluronic add present. All the 
curves were S shaped in form and were pre- 
pared by using the dilution as abscissa and 
the turbidity, in terms of the reading on the 


Klett-Summerson photo-electric colorimeter, 
as ordinate. Red filter No. 66 was used. 

As an example, the cum obtained using 
sodium salicylate is illustrated in Fig. 1. 
Here the reading on the colorimeter cor- 
responding to 50 V of hyaluronidase is 35. 
When 10 mi^ of sodium salicylate was addea, 
the reading°was 47, which corresponds to a 


total quantity of 34.7 y of enzyme. This 
difference must have been inactivated by the 
sodium salicylate added. From the con- 
centration and volume of the inhibitors, the 
amount of enzyme inactivated by 1 mg can 
be calculated. This procedure was repeated 
for each one of the various inhibitors tested. 

Before any inhibitor was used, certain 
criteria were established to eliminate invalidat- 
ing factors. These were as follows: 

1. Solutions of the inhibitor must be clear. 

2. Alcohol solutions were diluted 1:10 with 
buffer pH 6.0 to ascertain whetlier mere 
dilution produced a precipitate, 

3. Non-specific protein precipitating action 
of the inhibitors were tested by adding them 
to the acidified normal horse serum which was 
diluted with 5 parts of buffer pH 4.2. 

4. Extensive studies of all pHs were carried 
out (Table I). Two buffers of pH 6.0 and 
4.2 were checked periodically' on a Beckman 
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TABLE I. 

Compa rative List of Hyaluronidase Inliibitors. 



Inhibitor 


pH of buffer 
(pH 6.0) -h 
iiihibitor 

pH of mixture ; 

buffer pH 6.0 
-f- buffer pH 4.2 
-1- iiibibitor 

7 of hyaluroni- 
dase inactiv- 
ated by 1 mg 
of inlubitov 

1 

m-ln'droxrbenzoic acid 


5.52 

4.25 

3.2 

1 

p-hydroxybcnzoic acid 

■ * 

5,05 

4.2-5 

3.6 

1 

ethyl p-hydroxybenzoate 

* * 

6.12 

4.26 

7.0 

5 

phenol 

aq 

C.02 

4.23 

7.5 

5 

resorcinol 

ale 

6.12 

4 2.5 

8.4 

1 

o-nitrophenol 

« t 

6.06 

4.25 

19.7 

1 

guaiacol 

aq 

6.02 

4.24 

24.0 

1 

m-cresol 

> * 

' 6.03 

4.26 

25.0 

1 

methyl p-hydroxybenzoate 

ale 

6.12 

4.2.5 

28.0 

1 

propyl p-hydroxybenzoate 

• * 

6.12 

4.25 

31.0 

1 

4-aminosalicylic add 

* ' 

5.68 

4.26 

31.7 

1 

o-cresol 

> > 

6.12 

4.26 

37.5 

1 

dinitrophenol 

T y 

5.72 

4.25 

39.6 

1 

p-chlorophenol 

t * 

6.12 

4.25 

42.0 

1 

o-chloTophenol 

) y 

6.13 

4.25 

44.2 

1 

picric acid 

aq 

5.68 

4.26 

46.4 

1 

butyl p-hydroxybenzoate 

ale 

6.12 

4.25 

93.0 

0.1 

hexylresorcinol 

ty 

6.12 

4.26 

400.0 

.023 diamyl phenol 

y * 

6.12 

4.27 

600.0 

.052 

2,0 ditertiary butylhydroquinone 

f t 

6.10 

4.27 

609.3 

10 

sodium salicylate 

aq 

6.02 

4.26 

1.5 

3 

sodium gentisate 

y > 

5.85 

4.27 

0.7 


pH meter. The readings Yrere between 5.95 
and 6.02 for the former and 4.15 and 4.20 
for the latter. 

To ascertain the pH of the solution con- 
taining buffer pH 6.0 and the same proportion 
of inhibitor as in the studies,, i.e. 1:0.1, a 
thorough investigation was undertaken with 
each inhibitor (Table I) and the values 
obtained varied between 5.52 and 6.13. It 
is important also to note that there is no 
direct relationship between the variations in 
pH and the potency of drug inhibition and 
that the activity of hyaluronidase is maximal 
'vithin these two extremes. 

\tTien the two buffers (6.0 and 4.2) were 
mi.ved in the same proportion as in the 
determinations, i.e. 1:3, the average pH value 
of the mixture was 4.25 d; 0.02. The effect 
of each inhibitor on this value was then studied 
by adding 1:10 of the inhibitor to the mixed 
buffers. As can be obser\'ed, the v-alues are 
between 4.22 and 4.27 and well within the 
limits of experimental error under the con- 
ditions of this experiment. Thus, the in- 
fluence of the inhibitor to displace the pH 
of the buffering system was eliminated and 
the action on the acidified horse serum was 
a variable of the enzyme factor alone; non- 


specific action of the inhibitors was eliminated. 

All data are tabulated in terms of gammas 
of hyaluronidase inactivated by one milligram 
of each compound. Since ethyl alcohol 
(95%), in the volume used, had no effect 
on the production of turbidity, it was used as 
a solvent for most of the drugs. In all other 
cases aqueous solutions were used. 

Discussion. At this time we may speculate 
on the clinical importance of these findings. 
If an etiological relationship can be pre- 
supposed between hyaluronidase and acute 
rheumatic fever, the need for massive doses 
of sodium salicylate should be explained by 
our findings, since this drug is a weak in- 
hibitor of hyaluronidase. As a matter of fact. 
Cobum(14,15) advocated plasma levels of 
at least 25 mg per 100 cc to secure prompt 
and progressive subsidence of the inflamma- 
tion. This concentration usually makes the 
patient toxic with tinnitus, nausea, etc. Re- 
cently, Fulton et al. (16) reported that con- 
centrations of sodium salicylate up to 
100 mg % failed to inhibit hyaluronidase in 

li. Coburn, A. F., and Kopp, J. Exp. Med., 
1943, Vi7, 173. 

15. Coburn, A. F,. Buff. Johns JIopl:ins IIosp., 
1943, r73, 435. 
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It is based on the obsen'ation that pure 
hyaluronafe in a buffered solution produces 
a fairly stable colloidal suspension when mixed 
with diluted acidified horse serum. There 
is a reduction in turbidity when hyaluronate 
is depolymerized by hyaluronidase. The 
efficiency of various inhibitors can be studied 
by measuring the turbidity of the various 
mixtures when compared to controls. This 
turbidity is a function of the undecomposed 
hyaluronic add present. When the enzyme 
is introduced into the system, the turbidity 
produced holds an inverse relationship to 
the hyaluronidase content. 

To determine the effect of a particular 
chemical, a series of freshly prepared dilu- 
tions of the enzyme were prepared. Five 
tubes were used with serial dilutions running 
in the order of 10, 20, 30, 40 and SO y of 
enzyme per cc. Since the concentration of 
the original solution was 100 y per cc, 0.1, 
0.2, etc. of this solution was placed in the 
tube and diluted to 0.5 cc with buffer pH 
6.0 to maintain constant volumes. To each 
of these dilutions, 0.5 cc of the hyaluronate 
solution (0,04 mg/cc) was then added. Im- 
mediately after this, 0.1 cc of the compound 
to be tested was added to another tube which 
contained 50 y of hyaluronidase and the sub- 
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CONCENTRATION OF HYALURONIDASE 

• (gammas) 

The. 1, 

Metliod iised to e.'iloulato .aotirity of inhibitors. 

I > — Turbidity equivalent to 50 y of Jiraluroni- 
dase. 

B — Turbidity obtained by the addition of 
sodium salicylate. 

AB — Quantity of hyaluronidase remaining after 
using sodium salicylate. 

CD— -Quantity of hyaluronidase innctiv.atcd by 
10 y of sodium salicylate. 


strate. All tubes were then incubated for 30 
minutes in a constant temperature water bath 
at 37.S°C. The remainder of the procedure 
was performed as outlined by Kass and Sea- 
stone. Whenever possible, several determina- 
tions were made the same day. Each day a 
curve was plotted anew. This was desirable 
because of the variability and colloidal in- 
stability of proteins in the diluted horse 
serum which served as an indicator for un- 


decomposed hyaluronic acid present. .'\11 the 
curves were S shaped in form and were pre- 
pared by using the dilution as abscissa and 
the turbidity, in terms of the reading on the 


Klett-Summerson photo-electric colorimeter, 
as ordinate. Red filter No. 66 was used. 

As an e.\-arople, the curve obtained using 
sodium salicvlate is illustrated in Fig. I. 
Here the reading on the colorimeter cor- 
responding to 50 y of hyaluronidase is 35. 
When 10 mg of sodium salicylate was added, 
the reading was 47, which corresponds to a 


total quantity of 34,7 y of enzyme. This 
difference must have been inactivated by the 
sodium salicylate added. From the con- 
centration and volume of the inhibitors, the 
amount of enzyme inactivated by 1 mg can 
be calculated. This procedure was repeated 
for each one of the various inhibitors tested. 

Before any inhibitor was used, certain 
criteria were established to eliminate invalidat- 
ing factors. These were as follows: 

1. Solutions of the inhibitor must be clear. 

2. .Alcohol solutions were diluted 1:10 with 
buffer pH 6.0 to ascertain whether mere 
dilution produced a precipitate. 

3. Non-specific protein precipitating action 
of the inhibitors were tested by adding them 
to the acidified normal horse serum which was 
diluted with 3 parts of buffer pH 4.2. 

4. Extensive studies of all pHs were carried 
out (Table I). Two buffers of pH 6.0 and 
4.2 were checked periodically on a Beckman 
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TABLE I. 

Occurrence of Lvniplioinatosis in Bagg Albino Mice Keceiviiig Threshold Boses of Lyniphomogenic 

Agents Either Singly or in Combination. 


Agent 

Total 

mice 

Mice over 
250 days 

•Total 

lymphoma 

Mediastinal 

lymphoma 

Age lymphoma 
(in days) 

Bead and 
negative 

No. 

living' 

200rt 

105 

70 

3 

1 

365 

10 

92 

EDPJ 

59 

30 

o 


330 

7 

50 

200r -L EBP 

70 

3G 

la 

12 

2S3 

13 

42 

Controls 

101 

101 

32 

1 

725 

69 

0 

1SMC6 

108 

76 

1 

0 

400 

23 

S4 

200r -f ISMC 

109 

75 

3 

et 

305 

IS 

S9 

EBP 4- ISMC 

5S 

19 

3 

i 

2S5 

5 

50 


* The oldest EBB -treated test animals (alone or in combination) are 500 davs of age. Tlie oldest 
MC-treated mice ate 700 days of age. 
f 20 r of s-rays in one exposure. 

i Estradiol dipropionate — 5 pg rveeWy for 14 iveeks. This estrogen ivas supplied by Ciba Pharma- 
ceutical Products through the courtesy of P. E. Houghton. 

( Methylcholanthrene — ^IS skin paintings Trith 0.25';i solution in benzene. 


TABLE n. 

Occurrence of Lymphomatosis in CBA Mice Eeceiring Threshold Boses of Lymphomogenic Agents 
Either Singly or in Combination. 


Agent 

Total 

mice 

Alice over 
230 days 

Total 

lymphoma 

Mediastinal 

lymphoma 

Age lymphoma 
(in days) 

Bead and 
negative 

Xo. 

living* 

200r 

-148 

S3 

6 

1 

410 

S 

134 

EBP 

57 

42 

O 

1 

294 

O 

53 

200r 4- EBP 

55 

33 

li 

11 

293 

o 

42 

Controls 

63 

63 

20 

0 

GOS 

43 

0 

18MC 

126 

103 

1 

0 

405 

20 

105 

200r 4- ISMC 

118 

79 

8 

0 

445 

17 

93 

EBP 4- ISMC 

54 

16 

0 

0 

— 

0 

45 


* Tlie olde.st EBP-treated test animals (alone or in combination) are 500 d.ays of age. The oldest 
MC-treated mice are 700 days of age. 


represent a threshold dose for this agent. Tvro 
groups of mice, one in the Bagg albino and the 
other in the CBA strain, each received a single 
dose of 200 r of s-rays at ages ranging from 
one to 70 daj-s. Two groups from the same 
stocks received 14 tveeklj' injections of 5 pg 
of estradiol dipropionate in peanut oil begin- 
ning at 42 days of age. In a third treatment 
series 2 groups received 200 r at 42 days 
followed by the 14 weekly injections. 
Although 32% of imtreated Bagg albino 
mice developed lymphomatous disease, the 
average age of appearance was 725 daj’^, with 
the earliest spontaneous case being observed 
at 490 days. Only one of the 32 cases was a 
mediastinal (thymic) lymphosarcoma (Table 
I). In the CB.A strain also (Table II) the 
average age of appearance of leukemia was 
late, 608 days, with only 2 of 20 spontaneous 
cases appearing before 515 days. None of 
these spontaneous cases was a mediastinal 


lymphosarcoma. Thus, out of a total of 52 
spontaneous cases of Ijunphomatosis in these 
2 stocks of mice only one was a mediastinal 
lymphosarcoma. The low incidence of medi- 
astinal lymphosarcoma can be correlated with 
a delayed appearance of systemic Ijunphoma- 
tosis (leukemia). Where spontaneous leukemia 
appears relatively^ early, as in the F strain, 
the incidence of mediastinal Ijunphosarcoma is 
'high.(7) hlicroscopic study of early' medias- 
tinal lymphosarcoma indicates that in the 
mouse the site of origin is within the thymus 
itself.(8) Thymectomy has decreased the 
spontaneous incidence. (9) 

When threshold leukemogenic doses of x- 

7. Eursebbaum, A., Strong, L, C., and Gardner, 
VT. TJ,, Peoc. Soc. Exp. Biol, axd Med., 1940, 
v45, 2S7. 

S. Kaplan, H. S., Cancer Scscarch, 1947, v7, 141. 

9. MacEndy, B. P., Boon, M, C., and Pnrth, J., 
Cancer jicsearch, 1944, t4, 377, 
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vitro. In order to obtain only a slight effect 
of this enzyme in our experiments, we were 
forced to raise the salicylate concentration ten 
times higher than Fulton by using 10 mg 
of sodium salicylate per cc which is beyond 
the range of therapeutic dosage. In xnew of 
recent clinical investigations, (17) there is a 
possibility that the modus operand! of salicy- 
lates is a stimulation of the adrenal glands 
liberating a hormone which relieves the rheu- 
matic marufestations. Sodium gentisate, 
which is a metabolic product of salicylate is 
even weaker. In the study of 4-aniino 
salicylic acid (PAS), the anti-hyaluronidase 
activity approaches that of ortho cresol with, 
however, a higher therapeutic index. 

Of the utmost importance is the fact that 

16. Fulton, J. K., Marcus, S., and Eobinson, 
W. D., Pkoc. Soc. Exp. Bjol. axd JIei)., 1948, 
t69, 258, 

17. Hencli, Kendall, Sloeumb, and Polley, Froc. 
Staff Meetings of the Mayo Clinic, 1949, v24, 181. 


neither benzoic add nor para aminobenzoic 
acid inhibit h.valuronidase, whereas their 
hydroxyl derivatives do. 

Summary. The anti-hyaluronidase activity 
of phenol substitution products increases 
markedlj' with the length of the carbonic 
side chain. Salts of aromatic acids, like 
sodium salicylate, have an activity of a lower 
order as compared with that of phenols with 
long carbonic side chain. A moderate in- 
crease in activity is also obtained by sub- 
stituting chlorine, nitro or amino groups. 

As the data indicate, there exists in 
general, a parallel course of the inhibitory 
power of the substances and their phenol 
coefficient. 

We wish to thank S. Joffe for valuable l.abora- 
tory assistance. 

Both the enzyme and substrate used in these 
experiments were obtained from the Schering Cor- 
poration. 

Beceived Kovember 1, 1949. P.S.E.B.M., 1949, v72. 


Synergistic Action of Estrogenic Hormone and X-rays in Inducing Thymic 
Lymphosarcoma of Mice.* (17522) 

Arthur Kirschbauji, Joyce R. Shapiro and Harry W. Mixer 
From the Departments of Anatomy and Radiology, Vniversity of Minnesota, Minneapolis. 


Lymphocytic neoplastic disease was induced 
by estrogens(l) or x-rays(2) in mice of cer- 
tain genetic constitution when these agents 
were given in appropriate doses. The carcino- 
genic hydrocarbons are another group of 
lymphoma-inducing agents.(3) Synergistic 
or additive lymphomogenic effects of x-rays 
and the carcinogenic hydrocarbon, metbylcho- 
lanthrene, were demonstrable (4) providing 


* This invesHgation has been aided by grants 
from the National Cancer Institute, the Jane Coffin 
Cliilds Memorial Fund for Medical Beseareh, .and 
tlie Cancer Fund of the Graduate School of the 


Iniversity of Minnesota. 

1 Gardner, W. IT., Kirsehbaum, A,, and Strong, 
a. Arch. Faih., 1940, t29, 1. 

« Forth, J., Aw. J. Roentgenol., 1934, v3_, 3/ /. 

s’. Morton, J. J-, 

.938, v87, 327. 


lymphoid tissue of the test animals was sus- 
ceptible to the neoplasia-inciting action of 
each of the agents used independently. (5) In 
the present experiment the sjTiergistic action 
of x-rays and estrogens was investigated. It 
had previously been demonstrated that the 
CBA and Bagg albino stocks of mice are sus- 
ceptible to the induction of lymphomas by the 
action of either estrogens or .x-rays. (6) A 
single dose of 200 r of x-rays is a minimum 
inducing dose; weekly injections of 5 micro- 
grams of estradiol dipropionate for 14 weeks 

4. Furth, J., and Boon, M. C., Sciaicc, 1943, 
v9S, 138. 

5. Mi-xcr, n. W., and Kirsehbaum, A., Radiology, 
1948, 30, 476. 

6. Kirschb-aum, A., and Mixer, Harry, J. Lao. 
and Clin. Med., 1947, t32, 720. 



Liver Glycogen Response to Adrenal Cortical Extract of Diabetic and 
Non-Diabetic Rats."* (17523) 


A. ^Miller (Introduced by R. I. Dorfman) 

From the Departments of Medicine and Biochemistry, Western Reserve University School of 
Medicine and Lakeside Hospital, Cleveland, 0. 


This paper is a report of the liver glycogen 
response of alloxan-diabetic rats, following 
adrenalectomy, to adrenal cortical extract. 
It was of interest to determine to what extent 
liver glycogen could be increased by adrenal 
cortical hormones in the absence of an ade- 
quate insulin supply. 

It has been previously reported (1-3) and 
confirmed in this paper (Table I), that the 
livers of alloxan-diabetic rats contain more 
glycogen than normal rat livers following a 24- 
hour fast. WTien fed(4-6) or comatose diabetic 
(2,7) animals have been used, a higher level 
of glycogen in the diabetic animal was not 
found. This difference in the liver glycogen 
levels of the fasted normal and diabetic ani- 
mals did not complicate the ex-periment, how- 
ever, since all animals were adrenalectomized 
3 days prior to injection of adrenal cortical 
extract (ACE). The liver glycogen of the 
adrenalectomized diabetic rat (0.012 ± 0.002 
mg/100 g liver) is of the same low order of 
magnitude as the adrenalectomized normal 
rat (0.016 ± 0.003 mg/100 g liver, Table II). 

Experimental. Sprague-Dawley' rats, male 
and female, weighing approximately 100 g 

* Supported in p.-irt by a grant (RG 1050) from 
t!ie Division of Research Grants and Fellowships 
of the National Institutes of He.ilth, U. S. Public 
Health Service, and in part by a grant from Ciba 
Pharmaceutical Products, Inc. 

1. IVcbcr, II., Xnture, 1940, vl5S, 027. 

-■ Tuerkiseher, E., and 'Wertheimer, E., J. Endo- 
crinology, 194S, v5, 229. 

3. Morita, Y.. and Orten, J. M., Fed. Pror., 
1949, vS, 230. 

4. Gomori, G., and Goldner, M. G., Pkoc. Soc. 
Exp. Biol, axd Med., 1943, v54, 2S7. 

5. Hard, W. L., and Carr, C. J., Peoc. Soc. Exp. 
Biol, axd Med., 1944, v55, 214. 

G. Lackey, R. "W., Brindle, C. A.. Gill, A. J.. and 
Harris, L. C., Peoc. Soc. Exp. Biol, axd Med., 
1944, v57, 191. 

7. Kaplan, N. O., Franks, M., and Friedgood, 
C. E., Science, 1945, vl02, 447. 


(range, 80-110 g) were given alloxan (gener- 
ally 130 mg/kg) subcutaneously following a 
24 hour fast. For the following 24 hours, 
5% glucose was substituted for drinking water. 
Nonfasting blood sugars were determined the- 
following week by a modification of Folin’s 
micromethod. (8) The animals were adrenal- 
ectomized 6-10 days later, and 3 days after 
adrenalectomy liver gljxogen was determined 
byr the method used by Dorfman et al.{9) Up- 
John's lipo-adrenal extract (1 cc ^ 2 mg 11- 
dehy'dro-17-OH-corticosterone) was used. la 
the first experiment (Table II) this was dilut- 
ed 1:1 -with mazola oil. Following a 24 hour 
fast, each of the injected animals received 4 
subcutaneous doses of cc at 2 hour inter- 
vals, and all animals were sacrificed 2 hours 
after the last injection. The animals were- 
divided into 4 groups: (1) adrenalectomized, 
(2) adrenalectomized-diabetic, (3) adrenalec- 
tomized plus .ACE, (4) adrenalectomized-dia- 
betic plus -ACE; the results are tabulated in 
Table II. 

The results indicate that there is no statis- 
tically- significant difference between the liver 
glycogen response to ACE of diabetic and non- 
diabetic rats following adrenalectomy. If the 
diabetic animal has reduced liver hexokinase 
activity’ or other defect causing reduced phos- 
phorydation of sugar, it is possible that glyco- 
gen is formed largely from carbon fragments 
smaller than hexose; this is in agreement with 
the interpretation by’ Stetten(lO) of the de- 
fects in alloxan diabetes. 

Summary. Liver glycogen of alloxan-diabe- 
tic rats was 8 times as great as in normal rats. 
Both groups were fasted 24 hours. The liver 

S. Evelyn Photoelectric Colorimeter Sandbooh, 
p. 21, Rubicon Co., Philaclelpbia, Pa. 

9. Dorfman, R. I., Ross, E.. and Shipley, R. A., 
Endocrinology. 1940, v3S, 17S. 

10. Stetten, D., and Boxer, G. E., J. Biol. Chem., 
1944. vloO, 271. 
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TABLE III. 


Occurrence of Lymphomatosis in dha Mice Becciring Thrcsl\old Doses of !MethylcliolanthrcDc and X-rays 
Either Singly or in Combination. 


Agent 

Total 

mice 

Mice over 
250 days 

Total 

IjTnphoma 

Mediastinal 

lymphoma 

Age lynjpiioma 
(in days) 

Dc.ad and 
negative 

Xo. 

living’’ 

200r 

78 

38 

0 

0 



33 

G9 

18MC 

105 

94 

21 


325 

47 

37 

200r + 18MC 

97 

78 

29 

14 

320 

20 

4S 

Controls 

117 

117 

19 

3 

350 

95 

0 


* The oldc.st living mice are 700 daj-s of .age. 


rays and estradiol dipropionate were given 
simultaneously to Bagg albino or CBA mice, 
synergistic effects were observed. Although a 
large per cent of the mice are still living 
(Tables I and II) , of the 39 mice on combined 
treatment which have died 25 had li'mpbo- 
matosis, and in 22 cases the disease was 
mediastinal lymphosarcoma. 

IMethylcholanthrene is not leukemogenic for 
these stocks.(6) When 18 skin paintings of 
0.25% solution in benzene were combined 
with either 200 r of x-rays or 5 micrograms of 
estradiol dipropionate weekly for 14 weeks, 
the incidence of lymphomatosis was no greater 
than when either of the latter agents was ad- 
ministered alone (Tables I and II). In the 
dba stock, in which methylcholanthrene is 
leukemogenic, (3, 6) the incidence of IjTnpho- 
matosis was increased (Table III) when .x- 
rays and the carcinogen were given simultan- 
eously. The increased incidence can be ac- 
counted for solely by the greater number of 
mediastinal lymphosarcomas, the incidence of 
generalized lymphomatosis being the same 
whether methjdcholanthrene was given alone 
or combined with x-radiation. 

These experiments indicate that the thymus 
of young mice of certain strains contains Unn- 
phoid tissue which is very sensitive to the 
lymphomogenic action of certain agents. .•\1- 


though systemic lymphomatosis (leukemia) 
developed at an advanced age in the Bagg 
albino and CBA stocks, spontaneous thjTnic 
lymphosarcoma appeared only once in a popu- 
lation of 164 controls. Thusjymphocytic neo- 
plastic transformation Tvithih the thymus rep- 
resents a disease which appeared spontaneous- 
ly only occasionally although it could be readi- 
ly induced. 

total of 70 iig of estradiol dipropionate 
acted as a synergist in the induction of medi- 
astinal lymphosarcoma. This amount of es- 
trogen, when given from 42 to 140 days of 
age, was not sufficient to inhibit the ability of 
test animals to resume reproductive activity. 
In the development of spontaneous leukemia 
multiple factors may be operating synergis- 
tically so that significant causative ones may 
be obscured. 

Summary. Synergistic lymphomogenic ef- 
fects were obtained when estrogenic hormone 
and x-rays were administered simultaneously 
to mice of the Bagg albino and CBA stocks. 
Thymic Ijmiphoid tissue appeared to be more 
sensitive than other lymphoid tissue. This 
was also true when x-rays and methylcholan- 
threne acted synergistically in the dba stock. 

Eevcivnl Xovomber 1, 1949. 1949. v7l’. 
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considerable; we were thus led to a study 
of a possible in vitro reaction that might be 
applicable for the identification of the virus, 
namely, hemagglutination or complement 
fixation. The present report concerns itself 
with the results of studies of the two reactions 
emplo\nng 2 of the Albany strains. Type I 
{T.T.j and Type II (Fleetwood), generously 
presented to us b}'^ Dr. Dalldorf. 

Hcmaggbitimtion Tests. Agglutination 
tests were carried out in a manner already 
described, (5) except that the saline solution 
used for dilution of materials was buffered 
with 0.02hl, instead of O.Oahl phosphate. 
Human group 0, sheep, chick, and guinea 
pig RBC were emploj'ed and the two different 
strains, Tj'pe I and II, of the Coxsackie virus. 
In addition, two forms of each strain were 
studied; suspensions of infected brain and of 
limbs, derived from infant mice which had 
reacted after their injection intraperitoneally 
of either active brain or limb virus. (6) The 
tubes containing materiab were held at 5, 
23, and 37°C and read at interxmls up to 2 
hours. .\s an indicator of the possibility of 
the materials yielding positive reactions, a 
test was set up with sheep cells and MM 
virus; definite agglutination was seen in 
1:160 dilution of the virus after 1 hour at 
5°C.(5) The results of all the hemagglutina- 
tion tests with the 2 strains of Coxsackie 
virus were, however, negative. It should be 
stressed that suspensions of normal mouse 
brain, especially of fresh brain, if not properly 
centrifuged, show agglutination of sheep RBC, 
the degree of hemagglutination depending on 
the particles in the supernate. 

Complement-fixation tests. Complement- 
fixation tests have been carried out with the 
same jMbany strains using mouse immune 
serum and antigens derived from infected 
brain or limb tissue of suckling mice, Swiss-W 
strain.! 

Immune Serum. Antisera were prepared 
in 3- to 4-month-old Swiss-W mice by giving 

5.: Olitsky, P. K., and Yager, H. H., Proc. Soc. 
Exp. Biol, ax-d ilEo., 1949, vTl, 719. 

G. Datldoif, G., Sickle.s, G. il., Plager, H., and 
Gifford, R., J. Exp. 1949, t89, 507. 

t In experiments witli animals deep etlier anes- 
thesia Tvas employed. 


each of them, intraperitoneally, 0.5 ml of 
mouse-brain virus, 10*^ dilution, on the 1st 
and 5th day; they were bled on the 15th day. 
These animals were then injected intraperi- 
toneally with limb virus, each with 0.5 ml 
of 10"^ dilution, on the 19th and 25th da)’’; 
they were bled again on the 35th day. In all 
20 mice were so treated with each hpe of 
mrus. 

Antigen for test. Antigens for complement- 
fixation tests -n’ere prepared following a 
method previously described (acetone-ether 
extracted antigens) . ( 7 ) In the present study, 
2- to 11-day-old Si\tss mice were given .05 ml 
of 10“^ suspension of infected brain or limb 
tissue intraperitoneally. When definitely ill,X 
usually on the 3rd da}^, brain and limb tissue, 
the skin being removed from the latter, was 
collected separatelj' and prepared(7) as anti- 
gens. It should be stated here that the titer 
of virus in limb tissue derived from 11-day- 
old mice was greater than lO*'^ ’’, confirming 
the obser\'ations of Gifford and Dalldorf. (2) 
Extraction of the limb tissue with acetone- 
ether ■n-as found to be more satisfactorv’ than 
the method of suspension in saline solution 
followed by centrifugation at 12,000 rpm. 
For control material, brain and limb tissue 
was collected from apparently normal Swiss 
mice of the same age. The complement- 
fixation test was performed in the manner 
previously described. (8) 

Experinmital. Table I illustrates one of 
the tests. A specific fixation was obtained ■with 
both tj’pes of Coxsackie virus, used as limb- 
tissue antigen, without any demonstrable sign 
of cross reaction, hloreover, antigens made up 
of brain-tissue -virus were not effective. In- 
deed, following the injection of brain ■virus 
into mice, their sera were either negative or of 
a low titer; whereas after immunization ■with 
limb-tissue virus a high titer of fixing anti- 
bod)' was obtained. It would appear that 
the limb-tissue virus is a highly potent antigen. 
Finally, no reaction took place between Cox- 

7. Casals, J., Proc. Soc. Exp, Biol, and IIed., 
1949, v70, 339. 

8. Casals, .T., and Olitsky, P. K., in Diannosis 
of Viral and Eicketlsial Infections, edited liy 
E. E. Horsfall, Jr., Columbia Hniversity Press, 
Xew Y*ork, 1949, 57. 
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TABLE I. 

Liver Glycogen in formal and Diabetic Rats (Enstcd 2-t Hr) . 

ICo. of Liver gl 3 -cogen, Blood sugar, nig% 

Status , animals mg/100 g liver P (mean and range) 

Dialietie 

Normal 

Non-diabotic 

(received allovan) 


11 

.65 ± .14 1 

1 

1 

) <.01 

658 (403-1100) 

13 

.08 i; .03 J 

' !' >.. 


0 

.14 s: .07 

J 

123 (120-143) 


TABLE II. 


Liver Glycogen Following Administration of Adrenal Cortical Extract to Diabetic and Non- 
diabetic Eats. (All animals .adrenaleetomized and fasted 32 hr). 



No. of 

Treatment 

Liver glycogen, 


Blood sugar,! mg(r 
(mean and range) 

Status 

animals 

mg/100 g liver 

P 

Diabetic 

14 

0 

.012 ± .002 1 

>.2 

410 (204-620) 

Non-diabefic 

17 

0 

.016 ± .003 j 



Diabetic 

7 

ACE* 

.44 ±.0S 1 

>.9 

380 (2S0-G45) 

Non-diabetic 

9 

ACE* 

.43 ±.10 J 



Diabetic 

9 

ACE 

1.67 ±.16 ] 

>.2 

397 (290-550) 

Non-diabetic 

10 

ACE 

1.97 ±.16 j 




* Diluted 1:1. t Prior to adrenalectom.v. 


glycogen response to adrenal cortical extract diabetic rats. Both groups were adrenaiec- 

of diabetic rats was found not to be signifi- tomized and fasted 32 hours. 

cantly different from the response of non- jj^egivod November 3, loToTpBTE.n.M., inifi, v7". 


Hemagglutination and Complement Fixation with Type I and II Albany 
Strains of Coxsackie Virus. (1/524) 


JoRDi Casals, Peter K. Olitsky, and Leslie C. MuRPnvf 
From the Laboratories of the Rockefeller laslilule for Medical Research, .Vrm York CHy 


DaUdorf and Sickles(l) isolated a virus 
from the feces of patients having symptoms 
resembling those of abortive or even paralytic 
poliomyelitis. This active agent, character- 
ized by pathogenicity for suckling but not 
for adult mice, was later named Coxsackie 
virus (2) ISlelnick, Shaw, and Curnen{3) 


T^^iirtbr tcchniS~ assistance of Joan Fitz- 
lerald and Barbar.a Quinn. 

♦ xraior V C., V. S. Army. 

1 SlwVi, k S’""' 


1948, vlOS, 01. 


recovered several similar viruses some of which 
they found to be distinct by the neutraliza- 
tion test. Dal!dorf(4) also determined such 
specificitv for his strains, here designated as 
Type I and Type U Albany strains. The 
difficulties of working vith infant mice arc 

'“eTcTiff^. ic ami D.alldorf, G., IT.OC. Roc. Exr. 
Biol, asd Mr.t>., lOlO, v7I. dSO. 

. 1 . .Mclnick, J. L., Si.aw, E. W.. ami Curnen, 
E. C., Pi!OC. Soe. Exr. Bioi- asi> Mrm, 1013 , 

v71. 344. . . 

4 . DaUdorf, G., ix-r^oiml ooimminii-af mii. 



Labeling of Rat Hemoglobin 


639 


TABLE I. 


Effect of Administration of Epinephrine and Ee- 
frigeration on Adrenal Ascorbic Acid Content. 



ascorbic acid, % of control value 

-Age. days 

Epinephrine 

Eefrigeration 

O 

93 


4 

98 

95 

0 

91 

101 

1 


105 

S 

09 


10 

GO 


11 


105 

14 


107 

10 


83 

2.5 


81 

Adult 

02 



T.ABLE II. 


Effect of 2.0 

Mg ACTH on •Adrenal •Ascorbic Acid 


Content. 




ascorbic acid, % of 

.Age, days 


control value 

4 


00 

0 


- 04 


the animals had reached 8 days of age. (Table 
I). Exposure of animals to refrigeration 
15°C) for hours similarly did not result 
in a decline in the ascorbic content until the 
16th day of life. With this stress the fall in 
ascorbic acid was 19% or approximately one- 
half of that with epinephrine (Table II). 

Since very young rats do not respond to 
stress, it was necessarx' to further localize the 


point of insensitivitj', c.g., the pituitarx' or 
adrenal. Therefore, rats of 4 and 6 days of 
age xvere injected intraperitoneally xvith 2.5 
mgt ACTH and'killed 80-120 minutes later. 
Ascorbic acid analysis of the adrenals re- 
x’ealed a 34-36% decline in the xutamin C 
content under these conditions (Table H). 

It xvould appear from these results that the 
fall in adrenal ascorbic acid in the nexx-born rat 
does not occur as a result of e.xposure to stress 
at it does in the adult animal. Since the 
adrenals are capable of responding to the ad- 
ministration of ACTH at this age, it is proba- 
ble that the adenohypophx'sis is the organ 
which is not capable of responding to stress 
by secreting ACTH' until the animal has 
reached a certain state of maturation. 

Summary. The administration of epineph- 
rine to the infant rat does not result in a fall 
in adrenal ascorbic acid until the animal 
reaches the eighth day of life. Under the 
conditions of the experiment, adrenal ascorbic 
acid does not decline as a result of refrigera- 
tion until the 16th day of life. The adminis- 
tration of ACTH, on the other hand, causes 
adrenal ascorbic acid depletion on the 4th and 
6th day of life. 

t Armour ACTH, kindly supplied by Dr. John 
E. Mote, Medic.nl Director of Armour L.nboratories. 

Eeceired November 7, 1949. P.S.E.B.M., 1949, t72. 


Labeling of Rat Hemoglobin xvith Radioactive Iron.*' (17526) 
Karlman Wasserman and John K. Hampton, Jr. (Introduced bx-^ H. S. IMayerson) 

From the Department oj Physiology, Tnlane University, School of .Medicine. 


In the studies of the biological aspects of 
iron metabolism, radioactive iron serves as a 
suitable means of following, in vivo, trans- 
formations of forms of iron. Especially 
■'■‘aluable is its use in tagging hemoglobin 
molecules so that, under certain conditions, 
hemoglobin iron, hemoglobin molecules or 
red cells may be identified as thej' undergo 

•Aided by a grant from the Nexv Orle.an3 
•Academy of Sciences to H. S. Mayerson and .Tolin 
K. Hampton, Jr. 


certain chemical or physical changes. The 
current methods(l-7) used for incorporating 


1. Halm, P. F., Granick, S., Bale, X\'. F., .and 
SDcliaelis, L., J. Biol. Chem., 1943, vloO, 407. 

2. Granick, S., Chem. Bev., 1940, t38, 379. 

3. Dubacli, E., Moore, C. Y., and Minnieli, V., 
J. Loll, and Clin. Med., 1940, x-31, 1201. 

4. Flexner. L. B., X'osburgli, G. J., and Coxvie, 
D. B., ••Im. J. Physiol., 1948, vlo3. 503. 

5. Halm, P. F., Bale, XV. F., Lawrence, E. O., 
and XVhipple, G. H.. J. F.xp. Med.. 1939, vG9. 739. 
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Infant Rat PiTUiTARv-AnRENAL Relationship 


o, . TABLE I. 

Showing Complement-fixation Tests with Alb.mv Str.iins of Coxsackie Virus 

Antigen 



Scrum ■ 



Tyqie I 
brain 

Type I 
limb 

Type II 
brain 

TjTcn 

limb 

Xormal 

s 

AVcsteni 

equine 

Type I limb 

0 

1/16 

0 

0 

0 

0 

Type I brain 

0 

0 

0 

0 

0 

0 

Type II limb 

0 

0 

1/2 

1/32 

0 

0 

Xormal limb 

0 

0 

0 

b 

0 

fl 

Western equine brain 

0 

0 

0 

0 

0 

1/G4 


Fractions represent the higlicst dilution of serum showing 2+ or better connilemcut fixation; ' 
in the test, scrum was diluted 2-foId beginning with I -.2 dilution. 


sackie-virus sera or antigens and unrelated 
virus or apparentlj’ normal materials. 

Summary. Two Albany strains of Cox- 
sackie virus, Type I (T.T.) and Type II 
(Fleetwood) were found to be negative for 
hemagglutination when human 0, sheep, chick, 
and guinea pig ert'throcytes were used. On 
the other hand, the viruses showed distinct 


positive specific complement fixation without 
any cross reaction between them. Antigens 
prepared from infected brain tissue were in- 
active; those from infected limb tissue were 
highly active. Tests with human sera and 
limb-tissue antigens are left for further study. 


Bceeivod Xovember -1, 194fl. P.S.E.B.>[., 1!>40, v72. 


The Pituitary-Adrenal Relationship in the Infant Rat. (17525) 
Joseph W. Jailer* 

Tram the Endocrine Section oj the Medical Senices and the Chemical Laboratory, The Mount 

Sinai Hospital, Neu' York. 


The administration of adrenocorticotrophic 
hormone (ACTH) to the rat or guinea pig 
results in an almost immediate fall in adrenal 
ascorbic acid content and a more gradual de- 
cline in adrenal cholesterol. (1,2) This has 
been correlated with evidence of adrenal corti- 
cal secretion.(3) It had been previously 
demonstrated by Selye(4) that e.xposure to 
stress or the injection of noxious substances 
causes the secretion of ACTH by the adeno- 
hvpophysis of tlie intact animal. Exposure 

» Present aildress. Dep.^rtments of Medicine and 
of Obstetrics and Gynecology, College of Fliysi- 
cians and Surgeons, Columbia Vniversitx. 

1. Sayers, G., Sayers, M. A., Lewis, H. L., and 
Long, d R. H., Pboc, Soc. Exp. Biol, asd Med., 
1944, v55, 238. 

o Long, c. X. H., Fed. Froc., 1.047, v6, 461. 

3. Sa.Tcrs, G., and Sayers, M. A., Endocrinology, 

Selyc, B., Endocnnology, 1037, r21. IGP. 


of animals to these same conditions causes a 
depletion of adrenal ascorbic acid in the intact 
animal but not in the hypophysectomized 
animal.(5) The purpose of this investigation 
was to determine whether the newborn rat 
could respond to stress and the administration 
of ACTH in a manner similar to that of the 
adult. 

Infant rats at 2. 4. 6, 8 and 10 days of age 
were injected with 0.04-0.05 mg of aqueous 
epinephrine and the adrenals removed one to 
two hours later. In all, 170 rats from 27 lit- 
ters were used in this study. .Adrenal ascorbic 
acid was determined by the method of Roe 
and Kuether.(6) It was found tliat no de- 
crease in adrenal ascorbic acid occurred until 

5. Sayers, G., S.nyer.a. Jt. A., Li.nng. T. Y., .md 
Long, C. X. H., Endocrhinlogy, J34fi. v.lS, 1. 

6. Eoo, .T. n., .•)«(! Knetlicr, C. A., .7. Hhd. Chern,, 
1943, vl47, 399. 
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TABLE I. 


Effect of Administration of Epineplirine and Ee- 
frigeration on Adrenal Ascorbic Acid Content. 


-Age. days 

ascorbic acid, % of control value 

Epinephrine 

Refrigeration 

O 

93 


4 

98 

95 

6 

91 

101 

7 


105 

s 

69 


10 

66 


11 


105 

14 


107 

16 


S3 

2.5 


SI 

Adult 

62 



TABLE II. 


Effect of 2. 

5 Mg ACTH on Adrenal Ascorbic Acid 


Content. 



ascorbic acid, % of 

Age, days 


control value 

4 


60 

6 


- 64 


the animals had reached 8 days of age. (Table 
I). Exposure of animals to refrigeration 
(5°C) for ly^ hours similarly did not result 
in a decline in the ascorbic content until the 
16th day of life. With this stress the fall in 
ascorbic acid was 19% or approximately one- 
half of that ivith epinephrine (Table II). 

Since very young rats do not respond to 
stress, it was necessart' to further localize the 


point of insensitivity, e.g., the pituitarj' or 
adrenal. Therefore, rats of 4 and 6 days of 
age were injected intraperitonealh’ with 2.5 
mgt ACTH and-killed 80-120 minutes later. 
Ascorbic acid analysis of the adrenals re- 
vealed a 34-36% decline in the vitamin C 
content under these conditions (Table 11). 

It would appear from these results that the 
fall in adrenal ascorbic acid in the newborn rat 
does not occur as a result of exposure to stress 
at it does in the adult animal. Since the 
adrenals are capable of responding to the ad- 
ministration of ACTH at this age, it is proba- 
ble that the adenohypophysis is the organ 
which is not capable of responding to stress 
by secreting ACTH' until the animal has 
reached a certain state of maturation. 

Summary. The administration of epineph- 
rine to the infant rat does not result in a fall 
in adrenal ascorbic acid until the animal 
reaches the eighth day of life. Under the 
conditions of the e.xperiment, adrenal ascorbic 
acid does not decline as a result of refrigera- 
tion until the 16th day of life. The adminis- 
tration of ACTH, on the other hand, causes 
adrenal ascorbic acid depletion' on the 4th and 
6th day of life. 

t Armour ACTH, kindly supplied by Dr. Jolm 
R. Mote, Medical Director of Armour Laboratories. 

Received November 7, 1919. P.S.E.B.M., 1949, v72. 


Labeling of Rat Hemoglobin ■with Radioactive Iron.* (17526) 
Kaelman Wasserman and John K, Hampton, Jr. (Introduced by H. S. Alayerson) 

From the Department of Physiology, Tulane University, School of Medicine. 


In the studies of the biological aspects of 
iron metabolism, radioactive iron sert^es as a 
suitable means of following, in vivo, trans- 
formations of forms of iron. Especially 
valuable is its use in tagging hemoglobin 
molecules so that, under certain conditions, 
hemoglobin iron, hemoglobin molecules or 
red cells may be identified as they undergo 

Aided by a grant from the Nmv Orleans 
-Veademy of Sciences to II. S. Mayorson and John 
K- Hampton. .Ir. 


certain chemical or physical changes. The 
current methodsfl-?) used for incorporating 


1. Halm, P. F., Granick, S., Bale, VV. F., and 
Michaelis, L., J. Biol. Chem., 1943, vl50, 407. 

2. Granick, S., Chem. Bev., 1946, v3S, 379. 

3. Dubach, E., Moore, C. V., and Minnieh, T., 
J. Lah. and Clin. Med., 1946, v31, 1201. 

4. Flexner, L. B., Vosburgh, G. J.. and Corvie, 
D. B., Am. J. Physiol, 194S, vlo3. o03. 

5. Halm, P. F., Bale, VV. F., Lawrence, E. O., 
and Whipple, G. H., ./. Exp. Med.. 1939, v69. 739. 
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radioactive iron as a heme constituent in 
hemoglobin often present major difficulties. 
Most iron compounds have a, high toxicity 
and low stability which limits their use. The 
low specific activity and soft beta radiation 
of the available radioactive iron make it 
necessary to obtain a high percentage of 
tagging for most studies. Finally, since 
synthesis can be accomplished only’ in donor 
animals, preliminary production of anemic 
animals with drastically reduced iron stores 
is a time consuming and, at times, unpredict- 
able procedure involving many serial bleed- 
ings and careful diet considerations. 

In the course of iron studies in our labora- 
tory, we have developed a procedure which 
we feel will provide an easier and, perhaps, 
a more satisfactory tagging of hemoglobin 
ivith radioactive iron than can be achieved 
with the methods which have been used. 
The iron used contained a mbiture of Fe-55 
and Fe-59 prepared by pile bombardment of 
enriched Fe-58. Concentrated hydrochloric 
acid, in amount approximately twice the 
molarity required for quantitative reaction 
with the iron sample was diluted with 3 parts 
of distilled water and poured over the 
powdered iron in a large flask. The reaction 
was allowed to continue, with heat supplied 
as the reaction slo^ved, until it w’as complete 
as indicated by a clear green solution without 
significant insoluble residue. This solution 
of ferrous chloride in excess hydrochloric acid 
was filtered, a sample analyzed by the Wong 
thiocyanate method'(8) for iron and the 
remainder stored in a glass stoppered stock 
bottle. Working solutions were prepared by 
withdrawing from the stock the amount of 
iron desired and placing it in an appropriate 
volumetric flask. The HCl and water were 
removed by evacuation and heat. The green 
ferrous chloride powder was dissolved in 
0.1 N lactic acid and the flask filled to the 
mark with this acid. The concentrations of 
ferrous chloride and lactic acid were con- 
sidered in terms of volume rvhich would be 


Halm, P- P-.- 

iien, Jf' D.. Wliijuile, G. II,, -T. f:-rp. 

B., .ana Halw, B- P- ^^P- 

I, 1P44, vSO, 31. 


desirable for injection, the amount and con- 
centration the animal could tolerate and the 
relative molarities of the iron and lactate 
which would pro\dde a pH and reducing 
environment for the iron suitable for pro- 
longed storage at room temperature. These 
conditions were met by preparing a 400 mg 
% Fe solution of ferrous chloride in 0.1 X 
lactic acid. The solution was sterilized by 
Seitz filtration and stored in a sterile rubber- 
capped bottle at room temperature. Such 
working solutions show no signs of deteriora- 
tion after more than two months of storage. 

Adult male and female white rats were 
used. Their weights ranged between 225 and 
330 g. By cutting the tails and suspending 
them in graduated centrifuge tubes contain- 
ing warm sodium citrate, the animals were 
•bled about 1.5% of their body weight at 2-3 
day intervals for 1 1 bleedings. Their hemato- 
crit values dropped to an average of about 
25%. .^it this point, iron injections were 
begun and during the course of the injections 
four more bleedings were performed. .Also 
the usual Rockland Rat diet was supplemented 
by milk at this point. Response by weight 
gain, increased appetite and general \dgor 
was apparent within one week. At no time 
were they maintained on a diet considered low 
in iron. 

The working lactic acid-iron solution was 
injected into rats intraperitoneally in doses 
of 0.2S cc per 100 g of body weight, which 
pro\uded 1 mg of iron per 100 g of body 
weight. These injections were given daily for 
the first half and every other day for the 
remainder of the series. A total of 14 in- 
jections were given, of which the third and 
tenth injections were at one-half dose. The 
total amount of iron thus administered was 
13 mg/100 g of body weight. This is notably 
in e.xcess of the animal’s iron requirement. 

The low toxicity of the injections is evident 
in animals in good health. Of 12 rats, 4 deaths 
occurred after iron injections ■were begun. 
One of the deaths occurred as a result of 
the 12 th bleeding. The other 3 followed the 
2nd, 7th and 9th injection of lactic acid-iron 
solution. Although peritonitis could not be 
excluded because of the irritation inflamma- 
tion produced by the acid, death followed not 
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TABLE. I. 


Percentage Tag of Hcmogloliin witli Eadioaetive Iron. The stock radioactive iron injected 
gave 3,300 counts/min./nig of iron. The values represent no duplicates since the blood was 
collected hr essanguination and pooled for each lot. 


Sample 

No. nnunals 

Dnv's since last inj. 

-Cdunts/miii./nig Fe 

% fag 

4 

3 

2 

957 

29,0 

5 

O 

1 

850 

25,8 

6 

o 

3 

97S 

2,0,7 

7 

1 

19 

988 

29.8 


earlier than 12-24 hours’ after the injection. 

Radioactivity determinations "were made by 
counting desiccated protein-free filtrates and 
chemical iron tvas determined on such filtrates 
by the method of Wong.(8) Counts were 
sufficiently high under the geometric and 
sensitivity conditions employed to allow ac- 
curate comparison of samples. 

In Table I are recorded the percentages 
of tagging achieved by our method. To be 
noted is the reasonable consistency of the 
values, each of which were obtained from a 
separate group of animals. Once bleedings 
were stopped, then' no appreciable increase in 
tagging seemed evident over a 3-week period. 
-After iron injections were begun, but before 
bleedings were stopped, a definite increase 
in tagging was apparent at weekly interv^als. 

-Although we have demonstrated that a 
25-30% tag may be accomplished in 48 days, 
in rats, we feel that the institution of milk 
supplement to the diet earlier in the exjaeri- 
ment would have eliminated some of the 
emaciation. Furthermore, the distress ob- 

s. Wong, s. Y., J. Siol. Chem., 1P3S, v77, 409. 


ser\'ed in the animals with the first few in- 
jections might have been eliminated. \Ye 
also feel that satisfactory tagging could be 
accomplished with smaller doses, thus minimiz- 
ing adhesions and iron staining of the 
Auscera •which was noted -at autopsy. It is 
believed that if a greater percentage of tagging 
was desired it could be accomplished bA-^ 
continuing the- serial bleeding and iron in- 
jections 'for. a longer period of- time. 

' Conclusion's and summary. - The tagging of 
hemoglobin in the red cells of rats by the 
■method described is efficient. The iron com- 
pound, ferrous dhloride, is of low toxicity, 
the lactic acid in which it was dissoh^ed pro- 
vides a satisfactory stabilizing emdronment 
and the solution is Avell tolerated when in- 
jected. The data show a consistency in the 
percentage of tagging as evidence of the re- 
producibility of the experiment. In addi- 
tion to the ease with Avhich the materials are 
prepared, the short duration of the experi- 
ment is a desirable feature! 

Received Xovember 7, 1949.^P.S.E,B.M.,^1949, v72. 


Effects' of Hemorrhagic Shock upon the Electroencephalogram, (17527) 

H. -A. Daaus, AV. R. Grant, W. P. AIcNeill, R. F. AA'ilkinson and C. AIarsh 
From the Departments oj Surgery and Xervous Diseases, and Graduate School of.. Medicine, College 


of Medical Ev 

The central nervous S 3 'stem is e.xtremelj’ 
sensitive to reduction of its ox 3 'gen suppty, 
Particularl 3 ’ the small pyramidal cells of the 
cerebral cortex.(l) In view of the general 
acceptance of this fact, it is surprising that 

1- Gomez, L., and Pike. F. H., J. Exp. Med., 
ipnp, vll. 237. 


f, Los Angelesj CoUj. 

studies have not been made of the effects of 
anemic anoxia produced b 3 - hemorrhage upon 
the electrical activity of the cerebral cortex 
as determined b 3 ' the electroencephalograph. 

Materials and methods. Rabbits weighing 
5 to 11 lb were used in these e.xperiments. 
General anesthesia was not used. Curare (In- 
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tocostrin) was employed to abolish skeletal 
muscular movements ' which • affect the elec- 
troencephalogram. Curare was used in a dose 
of 0.7 unit per lb. of body weight. The 4 
electrodes of the electroencephalograph were 
placed in similar positions on the heads of the 
animals throughout these studies. The right 
femoral artery was exposed under local anes- 
thesia (S cc of 1% novocaine solution), can- 
nulated and attached to a blood pressure re- 
cording manometer. Shock was produced bj' 
graded' hemorrhage. The blood which was 
withdrawn was prevented from clotting by the 
addition of heparin solution. The heparinized 
blood was returned to the animals in many 
of the experiments. 

Results. In control runs before curare was 
given, the electroencephalograms revealed a 
basic frequency of 6 to 7 cycles per second 
with an amplitude averaging about 75 micro- 
volts. Numerous variations in the amplitude 
and .frequency of the waves occurred through 
the record. There were short flurries of low 
voltage and of 20 to 30 cycle activity, and 
occasional sharp waves and spikes of 100 
microvolts were observed. Following injection 
of curare, the rapid activity disappeared leav- 
ing a fairly symmetrical rolling type of wave, 
varying in frequency between 4 to 7 cycles 
per second and having an average amplitude 
of 50 microvolts. 

Moderate to deep shock produced by bleed- 
ing resulted in slowing of the wave frequency 
to an average of 2 to 4 cycles per second. At 
the same time the amplitude of the waves in- 
creased to 150 to 200 microvolts and in some 
animals reached 400 microvolts. This was the 
basic pattern. There were, however, many 
irregular waves, sharp waves, rolling waves 
and occasional dicrotic or notched waves. Dur- 


recovery from shock the slow waves rvith 
^ amplitude -were replaced intermittently 
rapid waves (10 cycles) of lower amplitude 
LOO microvolts). 

If shock were progressive and transfusions 
ere not given, the slow rolling waves persisted 
jt their amplitude decreased. The voltage di- 
unished and finally the wave pattern d.sap- 
eared corresponding with the death of the 

nimak . In those • animals .yhich sumy^ 

dthout transfusion (reversible shock) the 


basic pattern of slow rolling waves of in- 
creased amplitude was maintained until the 
conclusion of the ex-periment. In shock re- 
versible by blood transfusion the wave pattern 
returned (sometimes within 10 minutes) to 
the type present before bleeding. The blood 
pressure returned to normal before the elec- 
troencephalogram. In shock irreversible by 
blood transfusion, the waves decreased in am- 
plitude and frequenc}'- despite the administra- 
tion of blood. It was noted in these experi- 
ments that the response of the electroenceph- 
alogram was a better prognostic criterion than 
was the response of the blood pressure. A 
persistent decrease in the frequency and 
amplitude of the waves was an ominous sign 
even though the blood pressure rose follow- 
ing blood transfusion. The longer the dura- 
tion of shock, the more difficult was it to 
restore the electroencephalogram to normal 
with blood transfusions. 

Discussion. The mechanism of production 
of the electroencephalographic changes in 
hemorrhagic shock may be briefly considered. 
Slow waves of increased amplitude have been 
observed in hypotension due to carotid sinus 
syncope, (2) insulin shock, (3) in ano.\emia,(4) 
and after ligation of the carotid arteries for 
an intracranial saccular aneurysm. (5) The 
effect of low blood pressure due to stimulation 
of the vagus in depressing cortical electrical 
activity has been obser\'ed to be almost iden- 
tical with that due to anoxemia.{6) It is sug- 
gested, therefore, that the electroencephalo- 
graphic djanges in hemorrhagic shock are 
due, in part at least, to cerebral ano.via. 

Summary and conclusions. Hemorrhagic 
shock in rabbits produces definite changes in 
the electroencephalogram. These are charac- 
terized basically by the appearance of slow 

2. Engel, G. L., Romano, .T., and JleLin, T. R., 
Arch. Int. Uci!., 1944, v74, 100. 

3. Goodwin, .T. E., Lloyd, D. P. C., .and Hall, 

G. E., Proc. Soc. Exp. Biol, .vkd Med., 1D.1S, 
r38, 897. 

4. Gibbs, F. A., Willianus, P., and Gibbs, E. L-, 

J. Xcurnphysiot,, 1940, v3. 49. 

5. Yeager. C. h., and Walsli, Jf. N,, J..4.J/'..4.. 
1940, vll4, 1623. 

C. Bailey, P., and Bremer, F., .7. Xrurnphtjti^h, 
1938. vl, 403. 
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TOves of increased amplitude. In shock ir- 
reversible to transfusion there occurs a pro- 
gressive decrease in cortical electrical activity 
which is shown on the electroencephalogram 
as a continued reduction in the frequency’ and 
voltage (amplitude) of the wave pattern. The 
effects on the electroencephalogram of blood 


transfusion in reversible and irreversible hem- 
orrhagic shock are discussed. It is tentatively 
suggested that the electroencephalographic 
response to blood transfusions in shock ma}’^ 
be used as a means of differentiating the re- 
versible and irreversible forms. 

deceived November 8, 1949. P.S.E.B.M.., 1949, v72. 


Vitamin Some Properties and its Therapeutic Use.^ (17528) 

H. Lichtman, J. Watson, V. Ginsberg, J. V. Pierce, E. L. R. Stokst.ad, and 

T. H. Jukes 

From the Departmr.nl oj .Vedidne, Kings County Hospital, Brooklyn, X. Y., and Ledcrle Labora- 
tories Division, American Cyanamid Company, Pearl River, X. Y. 


The preparation of tw'o red fractions from 
liver e.vtract,(l) both clinically active in per- 
nicious anemia, was reported by Smith who 
suggested that one fraction might arise from 
the other by proteolysis. In later publica- 
tions(2,3) it was reported that paper chroma- 
tography enabled 2 red factors to be recog- 
nized in liver e.xtract. Both of these were 


active for L. lacth Dorner. In our investiga- 
tions it ivas found that concentrated liver e.x- 
tract yielded a pink fraction b\' chromatog- 
raphy with silicic acid. Upon purification, this 
fraction jdelded a red pigment with an absorp- 
tion spectrum differing from that of vitamin 
Bi 2 . An apparently similar fraction was ob- 
tained from cultures of Strcptomyces aureo- 


Fig. 1 . 

Crystals of vitamin Ejnt X425. 

Paper presented at tlie Eastern Section of the 1. Smith, E. L., Xaturc, 1948, vlGl, 638. 

American Eederation for Clinical Eesearcli at 2. Smith, E. L., and Parker, L. F. J., Proc. 

Poston, Mass., on Dec. 3, 1940. Binchem. Soc., May 29, 1948, p. riii. 

The expenses of this investigation were defrayed 3. Cuthbertson, W. F. J., and Smith, E. L.. Proc. 
T a Ledcrle grant. Biochcni. Soc., January 22, 1948. 
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TABLE I. 


Yitaiiim Bjob: Hematological Besponse in Patients witli Addisonian Pernicious Anemia. 


Case No, 

1 

0 

3 

4 

5 

Vit. Bj.,^, 7 . I.AI. daily 

'1 

1 

1 

1.5 


Initial KBC, inil/cmra 

1.90 

2.G0 

1.74 

1.75 

i.47 

Day of reticulocyte peak 

S 

S 

9 

7 

n 

Max. reticulocytes, % 

11.4 

14.0 

18.0 

8.3 ■ 

• 1.5.1 

Expected max. retie., % 

IS 

5 

IS 

18 

24 

BBC, mil/cmm, at 3 wk 

.3.00' 

4.3G 

2.84 

3.17 

2.05 

Expected BBC, at 3 wk 

3.11' 

3.43 

3.19 

3.29 

3.17 


* At 2 Vi wk. 


jaciens and red crystals of a biologically active 
compound “vitamin Bj-ii,”(4) were obtained 
from this fraction. The crj’stals of vitamin 
Bi 2 b are shown in Fig. 1. In the present in- 
vestigation crystalline vitamin Bin,, was pre- 
pared from cultures of S. aweojaciens by ab- 
sorption on charcoal, precipitation with am- 
monium sulfate, chromatography upon silicic 
acid columns, and crystallization from acetone- 
water mixtures. The vitamin was idissolved 
in 0.9%. sodium chloride solution at pH 7.0. 
The solution was sterilized -by filtration 
through a Seitz filter. The final concentra- 
tion of vitamin Bisb was adjusted to 10 
fig per ml. 

Clinical Observations. The solution of 
crystalline B 121 , containing 10 jig per ml %vas 
us*ed for assay in 5 patients with .Addisonian 
pernicious anemia. .All patients had megalo- 
blastic bone marrows and histamine-fast ach- 
lorhydria. The age range was 55 to 75 
years. Vitamin Bi 2 b was administered by 
intramuscular injection daily for 21 days in 
tlie dosage schedule given in Table I, Hema- 
tologic response seemed to be optimal whether 
the amount given was 1, l.S, or 2 micrograms. 
One patient had a higher reticulocyte peak 
than e.xpected. one the same and three some- 
what lower. The relative unreliability of the 
reticulocyte count as a quantitative index of 
the formation of red blood cells has been^ re- 
cently emphasized by several observers.(5,6) 
In contrast to the fluctuation of the reticulo- 
cyte peak in relation to that of the e xpected 


nd Jakes, T. II., J. Chem. Soc., ID-IP, 

"'r'ci.rk G AV., h,n. /• JM. 124S. v216. Tl. 

’ V Dirbv Y'. J.. ami Totter, .T. I?., 
G, Jones, E., U.Troj, 

5!ooa. 1PM, x4, 827. 


standard, the erythrocyte regeneration was 
within ma.ximal limits in all 5 patients at the 
end of 2 1 days of therapy. It thus seems that 
1 to 2 /ig of vitamin B] 2 h is hemopoietically 
equivalent to 1 U.S.P. unit of liver extract and 
is then comparable to the potency of vitamin 
B, 2.(6, 7) 

The detailed hematologic data of Case 2 
who showed the most dramatic response are 
presented in Fig. 1. Therapy resulted in the 
usual reversal of the megaloblastic marrows 
to normal normoblastic cellularity. The white 
blood cell counts rose from leukopenic to 
normal figures’ with a loss of hypersegmenta- 
tion of the neulfophils. In the only patient 
(Case 3) who has been maintained longer 
than 3 weeks on vitamin Bva, the red cell 
count has risen to a nearly normal level at 
the end of 7 w’eeks. 

Clinical improvement was also very satis- 
factory, beginning on the 3rd, 4th or 5th day 
of treatment, and was characterized by im- 
proved appetite and a sense of well-being. 
Severe glossitis in one patient completely sub- 
sided within 10 da)-s. Neurological symptoms 
such as paresthesias disappeared in all cases. 
A patient who had advanced combined system 
disease had striking improvement within 3 
weeks, including the reversal of a strongly 
positive Romberg’s sign. 

Oral administration of 5 of vitamin B 121 . 
daily for 10 days was undertaken with a 6th 
patient with .Addisonian pernicious anemia, 
having an initial red cell count of 2,090.000 
per cmm. There was no response, the reticu- 
locvtes varying from 0.4% to 1.4%. The 
patient was then given the same th erapy with 

'7. \Ve.st, T?.. aiul E. H., .I"'- J- 

1949, vC, CiZ. 
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Fig. 2. 

Hematological resiionse of a patient with Ad- 
disonian peniicious anemia to vitamin Btoi,. 
(Case 2). 

the simultaneous addition of 150 ml of neutral- 
ized gastric juice daih’’ for 12 days. The re- 
ticulocytes began to rise slowly on the 8th 
day to reach a peak of 3.4% on the 11th day. 
There was a concomitant red blood cell rise 
of 240,000 per emm during this time, and 
slight but definite clinical improvement oc- 
curred. This is similar to the results ob- 
tained by Berk et c/.(8) using vitamin Bjo. 



We observed one patient with megaloblastic 
anemia of pregnane}' who had failed to re- 
spond to 3 weeks of therapy with 150 U.S.P. 
units of refined liver extract intramuscularly, 
and also showed no hematologic response to 1 
fig daily of vitamin Bisb given intramuscu- 
larly in a 10 day period. The severe glossitis, 
unaffected bt’' liver therapy, cleared completely 
on Bi 2 b, and later there was a maximal hema- 
tologic response to pterot'lglutamic acid. 
Several similar vitamin Bjo refractor}- cases 
have been reported. The problem of different 
U^pes of deficiencies occurring in megaloblastic 
anemias other than Addisonian pernicious 
anemia has been recently reviewed by Mueller 
et al.{9) 

Summary. A pink fraction obtained from 
liver and from Streptomyces aurcofacie/ts has 
been separated from vitamin B ]2 by silicic 
acid chromatography and has been shown to 
have different ultraviolet and visible absorp- 
tion spectra. This new substance, \itamin 
Bi 2 b, has been prepared in ciA'stalline form 
and has been found to be effective parenterally 
in the treatment of patients with Addisonian 
pernicious anemia in amounts of 1 to 2 ng 
daily. 

}Ve are indebted to Mrs. Helen Jakubowski for 
performing the blood examination. 

8. Berk, L., Castle, W. B., Welch, .4. D., Heinle, 
R. W., Anker, R., and Epstein, il., Xetc England 
J. Jfed., 1948, t239, 911. 

9. JIueller, J. F., Hawkins, V. E., and Tilter, 
R. W., Blood, 1949, v4, 1117. 
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Sterols and Fatty Acids in the Nutrition of Entozoic Amoebae in 

Cultures.* (17529) 

-A. M. Griffin and W. G. ilcCARXEN 

From the Department of Bacteriology, Hygiene and Preventive Medicine, George Washington 

University, Washington, D. C. 

The many e x cellent media which have been suggested for culture of entozoic amoebae suf- 
‘ Part of a project supported by a grant from from one serious deficiency when used for 
the Division of Research Grants and Fellowships quantitative studies. Statistically satisfactory 
of the v. S. Public iieaitii Service. reproduction of results is the exception rather 
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TABLE I. 


Relative Growth of E. hisinhiticn witii A'arious Senini Fractions. 


Transfer 

Control 

(LSB) 



Sornin fractions. 

% of tot.al 




A 



B 



c 


■ ’lO 

5 

s 

1 

10 

5 

1 ' 

10 

5 

1 ' 

1 

4+ 

34- 

24- 

4- 

44- 

34- 

34- 

34- 

24- 


2 

4+ 

34- 

34- 

24- 

44- 

44- 

24- 

4- 

4- 

-i- 

i 

44- 

2-f- 

24- 

4— 

44- 

44- 

34- 

4- 

4- 

4- 

■4 

■4+ 

+ 

4- 

4- 

34- 

44- 

34- 

4— 

4~ 

4— 

5 

4-b 

+— 

-f— 

— 

34- 

34- 

44- 

— 

— 

— 

6 

44- 

— 

— 

— 

34- 

34- 

34- 

— 

— 

— 

7 

44- 

— 

— 

— 

44- 

4-i- 

4-j- 

— 

— 

. — 

8 

44- 

— 

— 

— 

44- 

44- 

44- 

— 

— 

— 

9 


0 

0 

0 

34- 

44- 

44- 

0 

0 

0 

10 

44- 

0 

0 

0 

44- 

44- 

34- 

0 

0 

0 

11 

44- 

0 

0 

0 

44- 

34- 

34- 

0 

0 

0 


4+ = 404-/lpf- 
3+ = 30-40/lpf. 
2+=:lo-30/lp£. 

1+ =: 1-15/lpf. 

-] r= less than 1/lpf. . 

— = No detectable growth. 
0= Scries discontinued. 


than the rule. A fluid medium of constant 
composition is an absolute requirement. For 
several years we have used a modification of 
the Cleveland and Collier(l) and Chang (2) 
media in conjunction with physically purified 
rice starch. The medium (LSB) and method of 
preparing the starch have been described in 
a previous paper, (3) A necessary component 
of the LSB medium was serum. Since this 
was necessarily obtained in the form of whole 
blood irom an abbatoir we were faced with 
the tedious procedure of separation, clarifica- 
tion and sterilization by filtration. The 
final medium was also sterilized by filtration 
with the attendant risk of loss by contamina- 
tion and of alteration of the bacterial flora of 
amoeba cultures when a lightly contaminated 
tube of medium was inadvertently used. 

As Reardon and Rees(4) had shown that 
cerum was not required in the over-lay for 
whole egg media and that cholesterol could 
substitute in part for eg g yolk(5) we attemp- 
.'.nd Collier, .T., Am. J. Ilijff., 


S.’ L., L Trap. MeO., 1042. v22, 

Griirm, A. M., .-.nd McC.-.rten, W. G., J. 
ro.vit., 1949, v35, 193. 
t. Be.wdon, Luey T., aud Rees, C. W .. J. 
ppl, 1939, r25, 13. 


ted without success to replace the serum of 
LSB medium with the recommended amount 
of cholesterol. We therefore subjected' serum 
to fractionation. 


Experimental. The serum proteins were 
precipitated by adding 5 vol. of ethyl alcohol 
at 0°C. The precipitate was e.vhaustively 
washed with cold alcohol and cold acetone. 
The dried precipitate was redissolved in 
M/30 phosphate buffer in 0.4^ NaCl at pH 
7.2 and brought to the volume of the original 
serum, (Fraction “A”.) The pooled filtrates 
were evaporated to dryness and the residue 
extracted with absolute ethyl alcohol. The 
e.\tract was reduced to 10 ml volume and 
added rapidly to a volume of buffered NaCI 
solution equal to that of the original serum. 
The alcohol was removed by boiling and the 
original volume restored with distilled water. 
The resulting emulsion was Fraction “B.’- 
The alcohol-insoluble residue was extracted 
with acetone and an emulsion prepared as 
above (Fraction “C".) The 3 fractions so 
obtained were added to the liver-infusion ba.se 
of LSB medium in proportions corresponding 
to 10, 5 and Ifc of whole serum. The medium 
containing Fraction “A’^ was ster ilized b y 


5. Kecs, C. 
nna Cnft, F. S.. 


I!.i?.ivcvieli, .T.. Roar.Ion, L. V., 
'l,n. J. Trop. M'A.. 1944, v24, 1S9, 
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filtration, the others in the autoclave for 15 
minutes at 15 lbs. 

All media were inoculated with the NRS 
strain of Endamoeba histolytica using the 
usual technic. The cultures were incubated 
at 37°C, examined and transferred at 48 
hour inten’als with the results shown in Table 
I. With the extracted proteins growth failed 
beyond the fourth or fifth transfer on re- 
peated trials. The alcohol-insoluble, acetone- 
soluble fraction was even less effective. The 
alcohol soluble fraction, however, was ap- 
parently capable of supporting growth in- 
definitely. These results suggested that ster- 
oid or phospho-lipid components of serum 
might be the needed factor in spite of our 
previous failure to get persistent growth when 
serum was replaced wdth pure cholesterol. 
The basic liver infusion and completed medi- 
um (LSB) were analy'zed for cholesterol and 
cholesterol esters by the method of Hess.(6) 
The infusion contained 0.023 mg cholesterol 
per ml and no detectable esters. LSB medium 
had 0.071 mg cholesterol and 0.130 mg choles- 
terol esters per ml. 

We therefore substituted 0.15 mg per ml 
of cholesteryl oleate or palmitate for the 
serum of LSB medium, sterilized the media 
in the autoclave and tested them with the 
NRS strain as above. The cholesteryd oleate 
medium gave results at least equal to the 
serum medium and was perfectly clear though 
slightly opalescent. 

.■\s we refined our quantitative technic it 
became possible to assay the individual effects 
of components of the medium. We therefore 
tested the segregated action of the cholesterol 
and oleic acid moieties singly and in combina- 
tion. iledia were prepared containing choles- 
teryl oleate 0.15 mg per ml, cholesterol 0.09 
mg per ml, oleic acid 0.06 mg per ml and 
the mixture of the last two. These were inoc- 
ulated in duplicate with 100,000 trophic amoe- 
bae from a 48 hour culture of a strain of 
Entamoeba tcrrapinac, incubated for 48 hours 
at SO^C, and the yields determined. Subcul- 
tures were similarly inoculated where the 
yield was sufficient to provide 100.000 organ- 

G. Hess, Vs’. C., .1. Enb. anil Clin, 1947, 

v32, 11C3. 


TABLE II. 


Comparison of Cliolesteryl-Oleatc and Cholesterol 
Media. 

Mean yields of duplicate cultures X 10~^. 


Transfer 

Media 

Mean 

Cliolesteryl- 

oleate 

Cliolesterol 

1 

16-5 

216 

190 

O 

1S4 

204 

194 

3 

186 

229 

207 

4 

150 

194 

172 

5 

179 

ISS 

184 

6 

179 

O 

196 

7 

173 

165 

169 

s 

ISO 

25S 

217 

9 

157 

226 

192 

Mean 

172 

210 

191 


isms, otherwise the entire sediment was trans- 
ferred. E. terrapiuae has been used for most 
of our quantitative studies as its growth 
parallels that of E. histolytica without being 
as sensitive to changes in the environment. 

In the media containing oleic acid alone or 
mixed with cholesterol there was no growth. 
The initial inoculum was not recoverable and 
the cultures were free of amoebae after the 
second transfer. The results obtained with 
the successful media are given in Table II. 
Direct comparison with LSB medium was not 
possible since it had been abandoned in favor 
of the cholesteryl oleate medium. However, 40 
similar cultures in LSB medium selected at 
random from previous work gave a mean yield 
of 173 X 10^. The analysis of variance 
gives little reason to question the greater ef- 
fectiveness of the cholesterinized medium 
(F = 51.76) and indicates that our previous 
failure to obtain growth with cholesterol alone 
was due to inadequate concentration. Trans- 
fers and interaction introduced some variabili- 
ty (F = 3.66 and 3.18 respectively^ which 
can be traced to instability^ in the cholester- 
inized medium. The yields in cholesteryd 
oleate medium are notably’' homogeneous in 
successive transfers (F = 0.86) in contrast 
to those in cholesterinized medium (F = 
9.09). 

The unexpected finding that oleic acid by’ 
itself and in mixture with its equivalent of 
cholesterol was e.xtremely toxic led us to a 
study of the quantitative nature of its action. 
Cholesterinized liver infusion was mixed with 
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TABLE III. 

Effect of Oioic Acid on Groivtli of E. ierrapinar. 
Merm yields of duplicnte cultures X10“'. 


Oleic acid, nifr/nil 


Tiaii.sfer 

0.00 

0.01 

0.02 

0.03 

0.04 

0;05 

Ale.an 

1 

510 

094 

705 

C.10 

498 

293 

500 

O 

438 

377 

819 

430 

202 

301 

438 

i 

400 

387 

070 

240 

109 

174 

350 

4 

.514 

307 

515 

4.52 

274 

23.5 

383 

5 

404 

371 

593 

370 

288 

178 

368 

Atean 

404 

427 

072 

420 

280 

248 

420 


graded amounts of oleic acid up to 0.05 mg 
per ml and the media inoculated with 100,000 
amoebae as before. The results over succes- 
sive transfers are given in Table III. The 
highly significant effects are associated with 
concentrations of oleic acid (F ~ 33.00) and 
the comparison between the initial transfer 
and those following (F = 45.01), The slight 
heterogeneity existing among the second 
through fifth transfers and their interaction 
with concentration (F = 2.64 and 2.28 re- 
spectively) reflects tlie progressively poorer 
yields with oleic acid concentrations other 


than optimum. 

Discussion. Our initial failure to substitute 
cholesterol for serum in LSB medium appears 
to be due to a quantitative effect. MTien 
supplied with less than some undetermined 
minimum amoebic growth fails. The stimu- 
lating effect of oleic acid in optimum concen- 
tration {0.02 mg per ml), together with the 
smaller yields obtained with cholesteryl oleate, 
suggests that cholesteryl oleate as such is not 
available to the amoebae but must be hydro- 
lyzed to its constituent molecules. 

Summary. Cholesterol in adequate amounts 
can be substituted for serum in liver infusion 
media for culture of entozoic amoebae, but 
the yields will be statistically heterogeneous 
in contrast with those obtained when chol- 
esteryl oleate is used as a supplement. Oleic 
acid in optimum concentrations reinforces the 
action of cholesterol. It is suggested that 
cholesteryl oleate is not used as such but must 
be hydrolyzed to its constituent molecules. 

Bcccivcd Sept. "7, 1049. P.S.E.B.M., 1049. v72 


Beneficial Effects of Liver on Growth and Survival of Immature Rats Fed 
Lactose-Containing Diets. (17530) 


Benjamin H. Ershoff 

From the. Emory IP. Thurston Laboratories, Los Angeles, Calif. 


Available data indicate that the deleterious 
effects of rations containing high levels of lac- 
tose are dependent in considerable degree on 
the composition of the diet employed. Bout- 
well et al.(l) observed that rats fed a purified 
ration containing 48% lactose and 28% corn 
oil developed an unthrifty appearance and e.x- 
tensive diarrhea during the first 6 to 12 da)-® 
of feeding. A similar ration containing 28% 
butter fat in place of the com oil resulted in 
better growth, larger food intake and a good 
outward appearance. Furthermore, ^imals 
fed the butter fat ration had considerably less 
diarrhea than those on the corn oil diet. (2) 

Elvctijcm, 

C. A., .ina Hart, E. B., Bnoc. .<5oc. Exr. Biou .rsn 
AIed.;^ lOii. v55, 153. 


A similar difference between animals fed but- 
ter fat and com oil was observed by Ershoff 
and Deuel (3) in rats fed diets consisting sole- 
ly of 70% lactose and 30% fat. Animals fed 
butter fat or margarine fat in conjunction 
with 70% lactose lived significantly longer 
than those fed a similar ration containing com 
oil or cottonseed oil as the source of dieta^ 
fat. On a natural food ration, however, in 
which lactose was provided in the form of 
skim milk powder, no significant difierence 
in growth ims observed between rats fed butter 

e. Boutivcll, R. K., Goycr, R. P.. Elvelijcm, 
C. A., and H.nrt, E. B., Arch. Iliochem., lOlo, 

v7. 143. , . . 

3. Ershoff, B. IL, and Pciio!, 11. .1., Jr., Am. J. 

Plnisiol., 1047, vl4S, 4.7. 
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TABLE 1. 


Compositiou of Experimcntiil Diets. 


Dietaiy component 

Diet Ai 

B, 

A. 

Be 

-4;: 

B;; 

-44 

Br 

Lactose*" 



30.2 

30.2 

4.5.3 

45.3 

60.5 

60.5 

Sucrose 

"0,5 

60.5 

40.3 

30.3 

25.S 

15.2 

10.0 


Casein t 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

2.5.0 

Salt mixture t 

Wliole liver povrder^i 

4.5 

4.5 

10.0 

4.5 

4.5 

10.0 

4.5 

4.0 

10.0 

4.5 

4..5 

10.0 


To each kg of the above diets ivere added the following svnthetic vitamins: Thininine livdto- 
chloride, 72 mg; riboflavin, 9 mg; pyridoxiiic liydrocldoridc. 15 mg; calcium pantothenate, 
G7.2 mg; nicotinic acid, 60 mg; 2-methyl-naphthoqninone, 5 mg; and choline chloride, 1.2 g. 
Each rat also received 3 times weekly the following supplement: Cottonseed oil (Wesson). 500 
mg; a-tocopherol acetate, 1.5 mg; and a vitamin A-D concentrate,! containing 50 E.S.P. units 
of vitamin A and 5 E.S.P. units of vitamin D. 

* Jlilk Sugar Merck, !Mcrck and Co., Inc., Rahway, X. .T. 

t Vitamin Test Casein, General Biochomicals, Ine., Chagrin Falls, Ohio. 

f Sure’s Sait Mixture Xo. I.# 

i Whole Dried Liver Powder, Armour and Co., Chicago, III. 

11 Xopco Fish Oil Concentrate, assaying 800,000 U.S.P. units of vitamin A and SO.OOO F.S.P. 
units of vitamin D per g. 


Or vegetable fats. (4-6) Findings by Boutwell 
£t al.{2) indicate that the superiority of but- 
ter fat over vegetable fat on a lactose-contain- 
ing diet is dependent on the B vitamin content 
of the diet. Animals fed butter fat gained 
significantly more weight than those fed vege- 
table fats when the basal diet was low in 
B vitamins. When the B vitamin content of 
the diet was increased, however, no significant 
differences in growth were observed on any 
of the diets employed. Boutwell ct al.{2) 
suggest that butter fat ma}' be superior to 
vegetable fats in promoting the intestinal 
sjmthesis of E vitamins or other nutrients es- 
sential for optimal lactose utilization. In line 
with the above Cary and Hartman(7) ob- 
served that liver contains a w^ater-soluble fac- 
tor (distinct from any of the known B vita- 
mins with the possible exception of vitamin 
Bis) which significantly increased the growth 
of immature rats fed a purified ration con- 
taining 27% lactose. Liver has similarly been 
found to exert a protective effect on the growth 
and length of surx'ival of immature rats fed 
a diet containing 73.2% B-lactose.(8) The 

4. Deuel, H. J., Jr., Movitt, E., Hiillman. L. F., 
and Mattpon, F,, J. Xutritiou, 1944, v27, 107. 

5. Deuel, H. J., Jr., Movitt, E., nnrt ItaHraan, 
L. F., J. Xntri/ion, 1944, %-27, 509. 

0. Deuel, H. J., Jr., and Movitt, E., J. Xiitrition. 
1945, v29, 237. 

7. Carj-, C. A., and Hartman, A, M., Science in 
Farming, Tcnrhool: of ApriciiUurc, 1943-1947, 
ti. S. Dept, of Agriculture, p. 779. 


present e.xperiment was undertaken to obtain 
further data on the effects of liver feeding on 
growth and length of suu’ival of immature 
rats fed purified rations of varjdng lactose 
content. 

Procedure and results. Two basal rations 
were emploi’ed in the present e.xperiment; 
diet .A and diet B. Diet .A was a purified ration 
containing the B vitamin factors in synthetic 
form only’; diet B was similar in composition 
but contained in addition 10% defatted and 
desiccated whole liver. Both rations were 
supplemented with 0.0, 30.2, 45.3 and 60.5% 
U.S.P. lactose added in place of an equal 
amount of sucrose. Sixty’-four female rats 
of the Long- Evans strain were selected at 22 
to 24 day’s of age and an average weight of 
44.7 g for the present e.xperiment. Animals 
were placed in metal cages with raised screen 
bottoms to prevent access to feces and were 
fed ad lib the various diets listed in Table I 
(8 animals per group). Feeding was con- 
tinued for 40 days or until death, whichever 
occurred sooner. All sun’iving rats were 
autopsied after 40 days of feeding. Ovarian 
weights were determined; ovaries were fixed 
in 10% formol, and sections were prepared 
and stained v.-ith hematoxylin and eosin. 

Findings indicate that growth was retarded 
in all rats fed lactose-containing rations 

8. Erslioff, B. 11.. and Deiml. iT J^ Jr.. 
•T. Xiitrition, 1944. v28, 22.5. 

9. Sure, B., .T. Xiitrition. 1941. v22, 499. 
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„„ ^ -r . . table II. 

Effects of Liver Feeding on Body and Ovarian TTeight and the Lcngtli of Surviv.a! of Immature 


Dietary 

Lactose 



Gain in body 
wt over 40’ 



Eo. of 

Initial 

% 

Ovarian 'U't/ 

group 

content, % 

animals 

body wt, g 

day period, g 

surviving i 

-'ll 

0.0 

S 

44.5 

114.0 d: 5.5 

100 

39.0 •+• 2.9 


0.0 

8 

44.4 

(8) 

129.0 -*■ 7.0 
(8) 

90.5 ± 3.2 
(8) 

11.0.2 -t- 5.5 

100 

4S.7 5.3 

Ao 

30.2 

S 

45.6 

100 

23.5 ± 3.7 

Ba 

30.2 

S 

44.3 

100 

41.0 5.2 


45.3 



(8) 



A3 

Bs 

s 

44.6 

84.3 4.1 

(8) 

100 

16.1 ± 2.7 

45.3 

8 

44.5 

107.4 6.0 

100 

30.6 -f- 3,9 





(8) 



A4 

60.5 

8 

44.9 

44.0 i; 7.1 
(2) 

25 

12.2 ± 1.4 

B4 

60.5 

8 

44.7 

S2.6 2.8 

(I) 

S7.5 

17.4 ± l.S 


The values in parentheses indicate the number of animals which survived and on which 
averages are based. 

/2d2 _ 

* Including standard error of the mean calculated as follows; / / Vn whore “d” is 

V II 

the deviation from the mean and “n” is the number of observations, 
t Esperimental period — tO days. 


(Table II). Growth retardation tvas most 
marked in animals fed diet Ai and (60.5% 
lactose) and was progressively less marked in 
animals fed smaller levels of lactose (diet A3 
and Bs, diet Aa and Ba). At all levels of 
lactose feeding animals fed the whole liver 
powder gained significantly more weight than 
those fed a similar diet tvith liver omitted. 
This was particularly true for animals on the 
60.5 per cent lactose ration. In the absence of 
dietary lactose, rats fed the whole liver pow- 
der (diet Bj) also gained more weight than 
animals on the liver free ration (diet Ai). The 
differences in growth between the latter, how- 
ever, were not statistically significant. All 
lactose fed rats developed diarrhea during the 
first 10 days of the e.vperiment. It occurred 
earlier and was more extensive in rats fed 
the higher lactose diets than in animals fed 
the 30.2% lactose diet. It was particularly 
marked on diet A^. SubsequenUo thb period 
the diarrhea decreased in severity and gradu- 
ally disappeared although it persisted in 2 
JaLuTtB, and 1 rat on diet B.^ for the 
duration of the experiment. In general no 
significant differences were noted between 


diet A and diet B in the incidence of diarrhea 
or its extensiveness for animals fed similar 
levels of lactose. For the first 10 days of 
feeding rats fed diets B2, B3 and did not 
differ in rbody weight from corresponding 
animals on diet A, although animals fed diet 
Bi gained approximately 20% more weight 
than rats on diet Aj. Subsequent to this 
period, however, animals fed diets Bj, B3 and 
B4 consistently gained more weight than did 
corresponding rats on diet A. Two rats each 
on diets As and A4 developed extensive alo- 
pecia during the third week of the e.xperiment. 
Alopecia was not obsen'ed in other rats on 
these diets nor in any of the animals fed liver- 
containing diets. Subsequent to the 4th week 
of feeding new hair replaced the areas of 
alopecia in rats fed diet A3. The 2 rats wfth 
alopecia on diet A4 succumbed. Sis of the 
S rats on diet Ai died during the e.xperimcnlal 
period with an a^'erage survival time for the 
decedents of 21.S days (range 11-26 daj’s). 
In contrast to the above only 1 rat on diet Bi 
succumbed (8th day). All other rats sundved. 
At autopsy a marked distension was observed 
in the ceciim of rats fed diets containing 45.3 
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or 60.5% lactose. This was observed on bofli 
diets A and B. Cecal distension was also 
present on diets Ao and Bo but was less pro- 
nounced. 

A significant difference in ovarian weight 
was observed in lactose-fed rats on the various 
diets (Table II) . Ovaries appeared immature 
both in weight and microscopic appearance in 
animals fed diets Ao A4 and B4. No 
mature follicles or corpora lutea were present 
in any of these rats with the exception of 1 
animal on diet Ao. Six of the 8 rats on diet 
Bo and 5 animals on diet B 3 , howe\'erj had 
oraries which were indistinguishable grossly 
and in histological appearance from normal 
controls (diets Ai and Bi). In these animals 
mature follicles were numerous and corpora 
lutea were present. 

Previous findings( 10 , 11 ) indicate that the 
failure of rats to survive on diets containing 
high levels of lactose ivas due, at least in part, 
to an inability to hj'drolyze adequately large 

10. Ershoff, B. H., Am. J. Physiol., 1946, 
vl47, 13. 

11. Biggs, Tj. K., .and Beaty, A., J. Dairy Sci., 
1947, v30, 939. 


amounts of this disaccharide. Present findings 
suggest that the administration of defatted 
and desiccated whole liver powder increased 
the rats’ ability to digest lactose, although a 
period of approximately 10 days elapsed be- 
fore this effect occurred. No data are avail- 
able concerning the factor or factors in liver 
responsible for the increased growth, survival 
and ovarian development on lactose-contain- 
ing diets. Recent findings by Hartman et al. 
(12) suggest, however, that vitamin Bio may 
be responsible, at least in part, for these 
effects. 

Summary. The oral administration of 10% 
defatted and desiccated whole liver powder 
increased significantly the gain in body weight 
of immature rats fed purified diets containing 
30.2, 45.3 and 60.5% lactose. It prolonged 
the survival time of immature rats fed a 
purified diet containing 60.5 per cent lactose, 
and it counteracted the inhibition of ovarian 
development which occurred on purified ra- 
tions containing 30.2 and 45.3% lactose. 

12. Hartman, A. M., Bryden, L. P., and Cary, 
C. A., J. Am. Diet. Assn., 1949, v25, 929. 

Eeceived November 9, 1949. P.S.E.B.M., 1949, v72. 


Effect of Protein Level and Inanition on Glutamine Content of Rat 

Tissues.* (17531) 


Henry Tigerman and R. W. AIacVicar (Introduced by Alark R. Everett) 
From the Department of Agricultural Chemistry Research, Oklahoma .Agricultural Experiment 

Station, Stillwater, Okla. 


A study by Roine(l) suggested the im- 
portance of glutamine in protein synthesis in 
J'east and indicated the need for investigation 

* Published ivith the approval of the Director, 
Oklahoma Agricultural Experiment Station. Sup- 
ported by a grant from the United States Public 
nc.alth Service through the National Institutes of 
Health. Appreciation is expressed to Merck and 
Company, Rahway, N.J., for supplies of crystalline 
vitamins and to the Lederle Laboratories Division, 
American Cyanamid Co.. Pearl River, N.T.. for 
pteroylglutamic acid. 

1. Eoine, Paavo, Sv.omen Ketyistitehti, 1946, 
vl9B, 113. 


of the glutamine content of blood and tissues 
of higher animals. Wiss(2) observed that the 
blood glutamine content of rats increased 
when the rats were placed on an inanition 
routine and decreased when protein was fed. 
These results implied that blood glutamine 
concentrations are governed to some e.xtent 
by the level of protein ingested. This work 
was undertaken to relate various dietarj^ fac- 
tors to changes in glutamine concentration in 
animal tissues. 

2. Wiss, O., Delv. Physiol, et Pliormaco!. Acta, 
194S, vO. C33. 
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• ■ TABLE I. 

CoinpDsid'on. of Rafioiis Used for Eat Dietarr 
Studies. 


Ingredient* 

1 

2 

3 

4- 

Casein (crude) 

0% 

10% 

20% 


Sucrose 

- 91 

SI 

71 

51 

Cottonseed oil 

5 

5 

5 

O ' 

Saltst ■ 

4 

4 

4 

4 


’ Eacli kilogram of ration was supplemented 
with tlie following vitamins; Thiamin, 4 mg; ribo- 
fl.avin, 6; p.vridoxine, 3; calcium pantothenate, 20; 
nicotinic acid, 20; ptcroylglutamic acid. 1; inosi- 
tol, 20; p-amino benzoic acid, 20; choline chloride, 
1 g. In addition vitamins A and D and alpha 
tocopherol were administered by dropper twice :i 
week. 

■ f Hegstead ct of., J, Binl. Clicm., 1941, vl38, 400. 

Experimenfal. ExperimentaJ animals were 
young adult male rats of the Sprague-Dawley 
strain. Animals were placed on a 10-day 
equilibration period on the control ration (Ra- 
tion 3, Table I) before use. In all studies 
food and water were available ad libihim. 

After the equilibration period, animals were 
placed on rations of varying protein levels 
(Table I) for a period of 10 days. During 
the inanition experiment the animals were al- 
lowed access only to water. At the end of 
the experimental periods, the animals were 
killed by exsanguination under light ether 
anesthesia, the tissues rapidly removed, frozen 
and stored at -IS^C until analyzed. Plasma 
glutamine determinations, however, were made 
immediately. 

Glutamine was determined by nesslerization 
of the ammonia liberated after incubation with 
beef kidney preparations, essentially accord- 
ing to the procedure of Archibald. (3) The 
preparation of the tissues for the enzymatic 
determination involved homogenization of the 
weighed sample with 15 ml of 0.04 N potassi- 
um cyanide solution, dilution of the blended 
mixture to 20 ml ivith the potassium cyanide 
solution, and centrifugation -of the resulting 
mixture for 10 minutes at 1500 R.P.M. Two 
ml aliquots (one ml in the case of liver) of 
the supernatant liquid ivere taken for eacIi 
determination. 

Results. The effect of vaodng the protein 
level upon the glutamine content^fjrat tfeues 

943 . 


TABLE ir. 

Ecbition of Protein Level of B.ition to tlie 
mine Content of Eat Tissues. 




Glutamine (mg/100 g or ml) 

Tissue 


Bafion 1 

2 

.3 

4 

Plasma 


3.4 

.3.1 


3.3 

Liver 


1S9 

148 

97 

79 

Lung 


174 

97 

74 

50 

Kidnev 


■25S 

1.35 

179 

ST 

Heart 


4S4 

273 

212 

143 

•Spleen 


35(> 

172 

150 

130 

Muscle 


214 

148 

178 

MO 

Protein lord 

0 

10 

20 

40 

ingested. 

% 







TABLE 

nr. 



Effect of Inanition on Gluf.awinc Covtent 

of Eat 



Ti.ssncs. 





Glutamine (mg/lOO 

g or ml) 

Tissue 

0 br 12 

25 

49 

9.) 

Plasma 


9 3.S 

.3.7 

2.8 

2.4 

Liver 

92 

S5 

no 

148 

183 

Lung 

73 

93 

89 

140 

171 

Kidnev 

117 

122 

14fi 

20(1 


Heart 

212 

184 

219 

.33.-) 

418 

Spleen 

1.S9 

14.-) 

204 

267 

332 

Jlusclc 

1S9 

102 

213 

24(1 

339 


is presented in Table 11. Each value repre- 
sents tlie average of two separate e.xperiments 
using a total of 12 animals for each treatment. 

The relation between the glutamine content 
of rat tissues and length of inanition is shown 
in Table HI. After a 10-day equilibration 
period on the control ration (Ration 5, Table 
I), the animals were subjected to starvation 
for the indicated periods, sacrificed, and the 
tissues analyzed as before. 

Discussion. These studies indicated that 
there was a definite relationship between the 
glutamine content of rat tissues and the level 
of protein in the ration consumed. As tlie 
protein level increased, all tissues showed a 
decrease in glutamine content. IMuscIe tissue 
was different than the others studied in that 
this decrease was not found when protein was 
increased above the ten percent level. In 
contrast to tissues generally, the plasma gluta- 
mine level declined less sharply and then rose 
again; at 40 percent protein intake, values 
similar to those of animals consuming the 
protein deficient ration were found. 

In the tissues of rats which have been 
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on an inanition regimen there was a definite 
initial trend towards a decreased glutamine 
content with deprivation of food. This trend 
was reversed, however, after 24 hours; and 
after 95 hours star\'ation, values similar to 
those found in rats subsisting on a protein- 
iree ration were attained. In contrast to the 
report of \\'iss(2) plasma glutamine levels 
did not increase, in fact, there was a suggestion 
of somewhat decreased values at 95 hours. 

Both of these observations suggest that 
glutamine may have a function in the cata- 
bolism of amino acids, regardless of whether 
the source is dietarj' or from the body tissues. 
Whether this function is a direct one involv- 
ing the utilization of glutamic acid or more 
indirect with glutamine acting as a reservoir 
for the ammonia released by the deamination 


of amino acids is not known. Preliminary' 
studies in these and other laboratories do not 
indicate a direct conversion of administered 
glutamic acid to glutamine, thus suggesting 
that this amide may not be too closely involved 
in the metabolism of the corresponding dicar- 
boxydic amino acid. 

Summary. The variation of glutamine con- 
tent of rat tissues with protein level or period 
of inanition has been studied. Glutamine 
levels showed a marked increase as the pro- 
tein level of the diet decreased. An increased 
glutamine level was also obseiwed with inani- 
tion. These observations indicate the pos- 
sible importance of glutamine in protein me- 
tabolism. 

Bcceivcd November 10, 1949. P.S.E.B.M.. 1949, t79. 


Conversion of Tryptophane to Nicotinic Acid by Trichophyton egninutn.^ 

( 17532 ) 

Lucille K. Georg.I (Introduced by J. G. Hopkins) 

From the Department of Dermatology, College of Physicians and Surgeons, Columbia University, 

Neva York City. 


A strain of Trichophyton equinnm, one of 
the faviform trichophytons which commonly 
causes ringworm in horses, was found to re- 
quire nicotinic acid.(l) T. equimim (Ged- 
oelst) is a member of the group of large- 
spored, ectothrix trichophytons of animal 
origin which may infect man. They are 
characterized by^ their poor growth on the 
usual sugar-peptone m^ia on which they 
produce slow-growing, glabrous, or slightly 
downy colonies composed largely' of irregular 
hyphae and chlamydospores. By the use of 
natural carbohydrate media, Langeron and 
Milochevitch(2) and later Lebasque(3) 
showed that the growth and production of 

* This study vas made ivith tlie help of a grant- 
in-aid from the United States Public Health 
^jcrvicc. 

^Present address: Comiiiumeablc Disease Cen- 
ter. Mycnlogv Laboratory. Chamblee, Ga. 

1. Georg, L. K., K, r, Acad. Set, in 

press. 

2. Langeron, M., and Miloclievitch, S., Ann. de 
pnrnsitol.. 1030, v8, 4G5. 


spores by these strains could be stimulated 
by' better nutrition, and it was later 
shown(4,5,l) that many of the species in 
this group required certain vitamins and other 
growth factors present in natural substances. 
The requirement in most instances has been 
for thiamine and inositol, and in one case for 
pyridoxine as well. This Baudet strain of 
T. cquininn obtained from the Culture Bureau 
for Fungi, Delft, Holland is the only strain 
known to show a requirement for nicotinic 
acid. 

Experimental. No growth of this strain 
could be obtained on a vitamin-free basal agar 
prepared as follows; 50 g dextrose (C.P.). 
2.0 g NH4NO3 (C.P.), and 0.5 g MgSOi 
(C.P.) dissolved in one liter of distilled water 
buffered to pH 7 with Sorenson’s phosphate 

3. Lebasque, J., Ann. do parasiloh, 1934 vl2, 
418. 

4. Bobbins, m. J., Haekinnon, J. E., and Ma, B., 
B 11 U. Torrey Club, 1942, vG9, 509. 

5. Alackinnon, J. E., and Artagavcvtia-Allende, 
K. C., ,7. Bact., 1948, v5G, 91. 
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mixture (KH^POj and Na;HP04). To this 
is added 1.5% purified agar, prepared ac- 
cording to the method of Robbins. (6) Ad- 
dition of nicotinic acid to such a medium 
allows rapid growth of the fungus. Nicotinic 
acid may be substituted for by equal amounts 
of nicotinic amide, and b}'' comparatively large 
amounts of the amino acid 1-tryptophane. 

All vitamins and amino acids were prepared 
in -vrater solutions, sterilized by filtration, and 
added to the melted, partially cooled basal 
agar. Except for nicotinic acid and its amide, 
none of the other vitamins tested: thiamine, 
pyridoxine, para-amino-benzoic acid, i-inositol, 
choline, pantothenate, and folic acid shonred 
any stimulatory effect when added singly or 
in combinations to the basal agar. The vita- 
mins were added in amounts of 0.1 mg to 5 
ml of the basal agar except for biotin where 
0.05 mg was added. Twenty-two amino adds: 
glycine, dl-alpha alanine, beta alanine, dl- 
serine, dl-threonine, dl-valine, 1-leucine, dl- 
norleucine, dl-aspartic acid, 1-glutamic acid> 
1-lysine, I-arginine, 1-histidine, 1-cystine, dl- 
cysteine, dl-methionine, 1-proline, dl-triTito- 
phane, 1-tyrosine, dl-phenylalanine, and 1-hy- 
droxyproline were tested singly and in com- 
bination in M/1000 dilution in the basal agar 
(with the exception of cystine which is highly 
insoluble, and was tested in more dilute solu- 
tion). Of these only tryptophane showed any 
stimulatory effect. 

The minimum effective concentration of 
nicotinic acid or amide was determined by 


half this activity indicating that only the 1 
form was active. 

This substitution of the amino acid for 
nicotinic acid suggests the possibility of tryp- 
tophane as a precursor of this vitamin. In vdew 
of these findings, it was of interest to deter- 
mine whether the strain of T. cquinum, a 
naturally occurring nicotinicless fungus, could 
be shown to have the ability to convert tryp- 
tophane to nicotinic acid. 

A series of ISO ml Erlenmeyer flasks each 
containing SO ml NH^NOs broth (described 
above), and a similar series containing SO ml 
of the basal broth prepared without NH^NOn 
were inoculated with small fragments of the 
fungus which had been grown for 7 generations 
on slants containing 1000 fig 1-tryptophane in 
5 ml NH4NO3 basal agar, ^'arying amounts of 
1-tryptophane were added to the flasks in 
duplicate series. One series was autoclaved 
immediately' and served as control. The fungus 
grew in all of the non-autoclaved flasks con- 
taining tryptophane, but no growth occurred in 
control flasks of NH^NOa basal broth. The 
amount of growth was roughly proportional 
to the amount of tryptophane present although 
in flasks where the NH4NO3 had been omitted 
and tryptophane was the only source of nitro- 
gen, the amount of growth ivas much less. 

After 6 weeks the entire growth and culture 
medium of each flask was hydrolyzed and 
biologically assayed for nicotinic acid with the 
Lactobacillns casci.t The results indicated 
TABLE I. 


diluting these substances serially (by halv- 
ing) in tubes containing 5 ml of NH4NO3 
basal broth (prepared similarly to the 
NH4NO.-! basal agar described above e.xcept 
that no agar is added) and inoculating with 
washed fragments of a culture of Trichophy- 
ton cquinum grown in a 1.0% peptone nutrient 
broth. Both nicotinic acid and nicotinic amide 
were active to a dilution containing 0.25 fig 
in 5 ml NH4NO3 broth. No growth occurred 
in higher dilution or in control tubes which 
contained no vitamin. By a similar titration 
it was determined that 1-tryptophane was 
active to a dilution containing 625 ^g m 5 ml 
NH4NO3 broth, dl-tryptophane showed only 


Nicotinic .ocid assoy; 

Jterti.n* ^ — > 

50 ml b.isn! brotii -}- Tests//ig Coiitrols//iBt 

25 mg I-tryptoiilmuc 2.32 — 

5 mg 1-tryptoplinne 2.02 .00S5 

5 mg I-tn'ptopli'iao I.IS .OOS 

100 mg 

"Basal broth — 5% dextrose (C.P.) 4- O.OlCe 
MgS 04 (C.P.) in II..0 solution of Jf/15 phosphate 
bnffora (Kn»P 04 and KaonP 04 ) at pll 7. 

iVlI llashs rnoculated with T. cqutmim and main- 
tained at room temperature 0 weeks before teisting 
for nicotinie acid. 

f Controls — media autoclaved inunediafely fol- 
lowing inoculation with T. aiainiim. 

* Nicotinie acid — determined by biolugical a'say 

with Z. casH. 

{ The biological asstiy was very kiiolly per- 
formed by Dr. Hay F. Dawson of the Botany De- 
partment of Columbia Univerfity. 
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that nicotinic acid had been produced by the 
fungus in flasks containing tryptophane. The 
similar flasks which had been autoclaved im- 
mediately after inoculation with the fungus 
showed only negligible traces of nicotinic acid. 
(Table I). It is interesting to note that al- 
though twice to 3 times as much growth oc- 
curred in the tri^ptophane flasks which also 
contained NH4NO3, less nicotinic acid could 
be detected in these flasks. It seems possible 
that in the presence of readily available nitro- 
gen, much of the nicotinic acid produced from 
the tri-ptophane was utilized as readily as it 
was formed. 

Discussion. Krehl cl al.{7) in their studies 
of the pellagragenic effect of corn were the first 
to show a possible interchangeable role of 
nicotinic acid and trj'ptophane. Later eicperi- 
ments by Rosen ct flf.(8) and Sarett and Gold- 
smith (9) indicated that trvptophane may be 
an important precursor of nicotinic acid in 
rats as well as in humans, and may explain 
the anti-pellagragenic effect of certain foods 
such as milk which are low’ in nicotinic acid 
but rich in protein. Bonner and Beadle (10) 
have described 3 x-ray mutants of Nctiro- 
spora which require nicotinic acid for growth, 
and in a later communication, Beadle, hlitch- 
ell, and Nyc(ll) have shown that one of the 
nicotinicless mutant strains, No. 65001, was 
able to grow when supplied with either tiyqjto- 
phane or nicotinic acid. By means of another 
nicotinicless mutant strain which could not 
utilize trc’ptophane, they further show’ed that 
strain No. 65001 actually had the ability to 
convert tryptophane to nicotinic add. Nico- 
tinic acid could also be produced by this strain 
from dl-kcmurenine, a substance w’hich has 
been known as a product of tryptophane 
metabolism in animals and bacteria, and is a 
possible intermediate in the conversion of 

7. KreW, W. A., Tcpley, L. J., Sarma, P. S., 
and ElTehjem, C. A., Science, 1945. vlOl, 4S9. 

S. Rosen, P,, Huff, J. W., and Perlzireig, W. A., 
J. Biot. Chem., 194G, vlG3, 343. 

9. Sarett, H. P., and Goldsmith, G. A., J. BioX. 
Clfcjn., 1947, t1G7, 293. 

10. Bonner. D., and Beadle, G. W., Arch. Bio- 
chem.. 194G, rll, 319. 

11. Beadle, G. W., :Mitehcll, H. K., and Nje, 
•T. F., Broc. Xnt. Aca<7. Sci., 1947, vS3, 155. 


tryTitophane to nicotinic acid. On the basis 
of the growth responses of this Neurospora 
mutant strain to tryptophane, nicotinic acid, 
and kynurenine, it was postulated that nico- 
tinic acid is normalh’- formed from tryptophane 
with kimurenine as an intermediate. 

According to Schopfer,(12) no naturally 
occurring fungi have been shown to require 
nicotinic acid. MTiether the strain studied 
is a normally occurring tjpe or an unusual mu- 
tant form is not known, and it is doubtful that 
the requirement for nicotinic acid by this 
strain of T. cquinum is a characteristic which 
would be of value in species determination. 
The only other strain of T. cquinum available 
for testing was No. 9870 from the American 
T\pe Culture Collection. This strain did not 
require nicotinic acid, but did require thia- 
mine and i-inositol. In this respect it re- 
sembles T. faviformc, a common agent of ring- 
worm in both cattle and horses. Since the 
separation of T. cquinum from T. favijonne 
depends on the insecure grounds of its more 
frequent isolation from horses than from cat- 
tle and its ability to produce more aerial my- 
celium on the surface of colonies on Sabour- 
aud's dextrose agar, it seems highly probable 
that T. cquinum is synonj-mous with T. favi- 
jornie. Further strains must be obtained and 
studied in order to determine whether the re- 
quirement for nicotinic acid is present in any 
other strain of this group. 

The transformation of tryptophane to nico- 
tinic acid by the strain T. cquinum (Gedoelst) 
gives further evidence for the hypothesis that, 
in both plants and animals, tryptophane is a 
precursor in the formation of nicotinic acid, 
essential to the growth of these forms, 

Sumtnary. .\ strain of Trichophyton cqui- 
nnm has been shown to have a requirement for 
nicotinic acid. Nicotinic acid may be substi- 
tuted for by equal amounts of nicotinic amide 
and comparatively^ large amounts of l-trypto- 
phane. The fungus has been shown to have 
the ability to convert tryptophane to nico- 
tinic acid, thus giving further e\’idence in 
support of the hypothesis that tryptophane 
may be a precursor of nicotinic acid. 

12. Scliopfcr, W. IL, C7iroiiirrt J?o(oTitra, 19-19. 
Keceived August 3, 1949. 1949, v72. 
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Prodigiosin, I. Antibiotic Action on Coccidtoides immitis in Vitro* (17533) 


Arthur Lack (Introduced by Charles iSI. Carpenter) 

From the Departments of Investigative Medicine and Pathology, Birmingham Vetci^ns Administra- 
tion Hospital, Van Nuys, Calif., and the Department of Infectious Diseases, School of 
Medicine, University of California, Los Angeles. 


Prodigiosin is a thermostable, water in- 
soluble, red pigment produced b}- Serratia 
vtarccscens under certain conditions. The 
dye has stimulated interest because of its 
ability as a contaminant to discolor water and 
food. This characteristic is better known 
than its inhibitory action against microbial 
agents. 

The antibiotic properties of prodigiosin re- 
corded in the literature indicate a possible 
wide spectral range of activity against bac- 


dj'e content. Singh (4) reported toxic effects 
of the pigment of S. marccscciis on soil 
amoeba. The concentration of the pigment 
■which prevented amoebae from consuming an 
edible substrate of bacteria was not reported. 

The naturallj' occurring dye was first iso- 
lated by Kraft,(5) who called it “prodigio- 
sine." Wrede, Hettche, and Rothhaas(6) 
presented a series of articles on the chemical 
properties of prodiogiosin and identified the 
structure as a tripyrrole methane. 


teria and protozoa. No evidence concern- 
ing its fungistatic action could be found. 
Hettche(l) first reported the bacteriostatic 
activity of prodigiosin for staphylococci and 
Bacillus anfhracis in vitro. The growth of 
B. anthracis was inhibited in a dilution of 
1 : 200,000 after 3 hours’ e.xposure and a dilu- 
tion of 1:25,000 appeared effective against 
staphylococci after one hour’s exposure. He 
was unable to demonstrate any activity 
against the gram-negative organisms, Escheri- 
chia coli and Salmonella paratyphi. Fischl(2) 
demonstrated that prodigiosin would protect 
mice against nagana. A single subcutaneous 
injection of 10 mg of prodigiosin in sweet 
almond oil caused the disappearance of 
Trypanosoma briicci from the peripheral 
blood. 

Eisler and Jacobsohn(3) demonstrated that 
sterile bouillon extracts of S. marcescens in- 
hibited the growth of Coryncbactcrimn diph- 
theriae and of Neisseria gonorrhoeae. Their 
results, however, were not directly related to 


Materials and methods. Abundant pigment 
production was obtained from growth of S. 
marcescens on thick mannite agar plates 
(15.0 cm) adjusted to pH 5.0.t Surface in- 
oculation with a single strain of 5. marcescens 
(Stanford Z-4 strain) was followed by incu- 
bation at 22°C for from S to 7 daj’s. The 
surface growth was harvested by scraping and 
contained large amounts of both intracellular 
and extracellular red pigment which was e.\-- 
tracted by a modification of M’rede's method 
(Lack and Botts).(7) Yields of from 1.0 to 

4. Singh, B. X., Nature, 1942, vl49, ICS. 

a. Ivraft, E., Thesis IVurzhurg, 1902 (from 
Wrede, P., .md Hettche, 0., Bcriehtc d. Dcutschcn 
Chcmischeii Grsrllschnfl, v92.0, t 22, II AhWg. B, 
267S). 

G. Wrede, F., .and Hettchc, O., IScrichtc (1. 
Dcutschcn chem. GescUsch., 1929, v22, II Abhig. 
B, 2678; Wrede, P., B. f. Hyg. d. Infect — Kranht, 
1930, vlll, 531; ibid., Z. f. plii/.not. chem., 1932, 
v210, 12S; Wrede, P., and Rothlia.as, A.. Z. f. 
physiol. ehcn\., 1933, y215, G7 ; ibid., Z.. f. physiol, 
client., 1933, r219, 207; ibid., Z. f. physiol chem., 


1933, V222, 203; ibid., /. physiol chem., 1934, 

publisiied vitli the .approv.H of the Cluef MediwI forniniT 

Director. The sUtemonts .and conclusions pub- "'^fan.dte “ 20 b 

lislicd by the authors arc a result of their own Kcopeptone 10 g 

study and do not nccess.arily reflect the opinion or jrcat c.xtracf 3 g_ 

r ^ U.p Veterans Adniini.strntion. MgSOi J— ' S 

policy of the t etcrans - U ioaovl07 348 Brewer’s yeast iR 

1. Hettche, H. 0., Arch. UiW; Ap-ar 20 g 

.1 j-jschi V., Z. f. Immuniiots., 193u, vS.i, ti. Qg 1000 ce 

a’ ViAer’ A[ and Jaeobsohn, I., Z. f. Hyg. Adjusted to PH .5. 

3. Eisler, y y. ^ y Pot, y press. 

Infeht., 1936, vll., i6. 


20 g 
10 g 
3 P 
1.2.7 g 
1 P 

20 g 

1000 ce 
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TABLE I. 

Fungistatic and Fungieiaal Activity of Prodigiosin Base and Certain Salts on Coccktioide.c 

Immiiis in vitro. 


Derivative 

Fungistatic cone., XlOOO 

Fungicidal cone., XlOOO 

Base, purified 

Hvdrocliloridc 

1:500 

1:500 

1:100 

1:100 

Perclilorate 

1:500 

1:100 

Glutamic acid (water soluble) 

1:250 

1:83 

Tartrate 

1:100 

1:50 

Sulfonate 

1:10 

0 

Sulfonamide 

1:1 

0 


2.0, mg of prodigiosin were obtained from 
approximately 10 sq cm of wet surface 
growth. Repeated purifications yielded a 
prodigiosin from which several new com- 
pounds were made.t Each compound was 
tested in vitro for its fungistatic and fungi- 
cidal action against Coccidioidcs inimitis 
(Strain S.F.S. 46). Inasmuch as prodigiosin 
base is insoluble in water, tests were made to 
determine the most satisfactory- solvent. 
Propjdene glycol and ethanol were found to be 
suitable vehicles for in vitro and in vivo tests. 
Propylene glycol is sufficiently miscible in 
water to permit uniform dilutions of the de- 
rivatives to be tested in liquid synthetic cul- 
ture medium. 

Serial dilutions of prodigiosin in propylene 
glycol or ethanol from 1:10,000 to 1:10,000,- 
000 were made in a synthetic medium.? Con- 
trols with equivalent amounts of propylene 
glycol or ethanol in this medium were run in 
parallel. Each tube was inoculated with a 
0.1 ml of a known concentration of chlamy- 
dospores which was diluted to give a range of 
from 2.0 to 3.0 X 10* spores. -After incuba- 
tion of 24 and 48 hours at 34°C 0.1 ml was 
transferred from each tube to 9.9 ml of the 

t The preliminary investigation of the cliemical 
constitution and general properties of prodigiosin 
were performed with the assistance of Dr. Fred- 
erick Proeschcr and Mr. V. Syeheff, formerly of 
the Santa Clara County Hospital laboratory. Sub- 
sequent extension of similar chemical research 
has been with the aid of Dr. Elbert Botts in the 
laboratory of the Birmingham Veterans Adminis- 
tration Hospital, Van Nuys, Calif. 

^ Svnthctic media: cr 

NH4CI 10 

Na Acetate 10 

KH 0 PO 4 2 

K2HPO4 6 

H-jO q.s. ad 1000 ce pH G.12. 


liquid synthetic medium as a test for viability. 
The subcultures were incubated at 34°C and 
inspected for growth after from 10 to 14 days 
on a basis of no growth (0) to abundant 
growth (-4 — [-), indicating first signs of spore 
germination to rich mycelial development. 

Results. The prodigiosin first prepared was 
fungistatic in a dilution of 1:250,000. Sub- 
sequent purifications increased the activity to 
1:500,000 (Table I). Fungicidal activit}- as 
determined by the subcultures showed no 
growth at 1:100,000 dilutions. Propylene 
glj'col controls revealed no inhibition of C. 
innnitis except in the first tube of the series 
containing 10% propylene glycol. The hydro- 
chloride and perchlorate salts of prodigiosin 
base inhibited growth in a dilution of 1:500.- 
000. The tartrate maintained moderate ef- 
fectiveness; the sulfonate and sulfonamide 
derivatives showed an almost complete loss 
of activity. .A water soluble preparation was 
made by fusion of glutamic acid with pro- 
digiosin base. This glutamic acid compound 
demonstrated effective fungistatic activiU”^ at 
a 1:250,000 dilution. 

.A comparison was made of the fungistatic 
and fungicidal effectiveness of prodigiosin 
purified bases when dissolved in propylene 
glycol or ethanol. Inhibition of growth of 
C. innnitis was obtained in a dilution of 
1:500,000 in both series. .Although definite 
inhibition occurred at a dilution of 1:1.000,- 
000, after several weeks’ incubation germina- 
tion appeared first in the propylene glycol and 
then the alcohol series. The propylene gh'col 
and alcohol controls showed abundant growth 
in all e.xcept the initial tubes containing equiv- 
alent amounts of diluent. The tubes were 
subcultured at 48 hours to test the fungicidal 
activity. Slighth' better results were obtained 
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in the propylene glycol series. Complete loss 
of viability of all chlamydospores after 48 
hours’ eiqjosure was established at a pro- 
digiosin dilution of 1:100,000. 

Summary. Prodigiosin was fungistatic for 
Coccidioides immith in dilutions through 
1:500,000. It was fungicidal after 48 hours' 


exposure in dilutions through 1:100,000. 
Prodigiosin hydrochloride, perchlorate and a 
water soluble glutamic acid derivative demon- 
strated similar m vitro effectiveness. 


Bccciycd October 14, 1949. P.S.E.E.M., 1949, v7e. 


Pregnancy in Alloxan Diabetic Rats. (17534) 

J. Elliot Levi and Tobias Weinberg (Introduced by David I. :Macht) 

From the Department oj Laboratories and the Crockin Laboratory, Sinai Hospital, Baltimore, Md. 


Because of the well recognized frequency 
of complications in the course of pregnancy 
in clinical diabetes, this study was undertaken 
to determine the course of pregnancy in rats 
suffering from uncontrolled chronic diabetes. 
Since August 1946, when these studies were 
begun, 4 reports (1-4) have appeared dealing 
with this subject each with a slightly different 
approach to the problem and each with some- 
what varying results. 

Methods. Twenty-seven 70-90 day old 
Wistar strain female rats were fasted over- 
night and given a single subcutaneous dose 
of alloxan varying from 140-17S mg per kg. 
Where a single dose failed to produce a per- 
sistent diabetic state, repeated injections of 
increasing doses were employed up to 205 mg 
per kg. In some rats it was necessary to 
administer as many as nine doses of alloxan 
in order to achieve permanent diabetes. In 
2 rats permanent diabetes did not appear de- 
spite repeated injections of alloxan. During 
the entire period covered by these studies the 
animals were kept in individual metabolism 
cages and the following data were obtained 
daily. 7 days a week, for periods up to 448 
days: (a) total fluid intake, (b) total food 
intake, (c) total urine volume, (d) total quan- 


1. Davis, JI. E., Engo, N. W., .and Eawnce, 
K G., P»oc. Soe. ExP. Biol, -vxd Med., 194", v06, 

C3S. 

" 'Ntiller H. C., Bndoerinoloffif, 194i, v4U, -ol. 
I’ Huttquist, G.. Aota Path, ct SlicroUoL ScamL, 

sSlen, X A., and Long.vcli, B. B., Br.oc. Soc. 
EXP. Biol, akd Med-. 


titative glycosuria, (e) qualitative acetonuria, 
(f) vaginal smears for determination of oes- 
trus. The animals were given free access to 
a constant mixture of crushed Purina Lab 
Chow (Protein 2S%, Carbohydrate 50%, 
Fat 6.3%) reinforced with the following: re- 
duced iron 0.2 g; sodium chloride (iodine- 
free) 10 g; sodium chloride (iodized) 2.7 g; 
riboflavin 5 mg, vitamin Bo 5 mg, vitanun 
D 3000 U.S.P. units, vitamin E 100 mg, 
choline 15 mg, per kilo of chow in order to 
bring the ration up to an adequate level for 
breeding as recommended by the Ralston Pur- 
ina Company. 

Because of tlie frequent occurrence of a 
transient diabetic state after alloxan injection, 
matings were performed when possible only 
after the establishment of permanent diabetes 
by placing one young adult male of the same 
strain into the metabolism cage with each fe- 
male on the day of oestrus. Animals were 
considered definitely diabetic only when they 
fulfilled 'both of the following criteria: (1) 
persistent glycosuria greater than 0.5 g per 
24 hours as measured by Benedict’s Picrate 
method, and (2) repeated non-fasting venous 
blood sugars in excess of 200 rag% obtained 
from tail blood or cardiac puncture and meas- 
ured by the technique of Lauber and 3Iat- 
tice.(S) Fasting blood sugars were not em- 
plo 3 -ed in this study, because it was thought 
that repeated overnight fasts might introduce 
an irregular influence on the nutritional or 

~57Limber7lVVA^'t Mnttice, M. It., 4. Lai. 
and Clin. Hah, 1944, v2P, 113. 
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diabetic state of the animals. In those ani- 
mals considered permanently diabetic, arith 
two e.xceptions (c.f. Rats no. 18 and no. 19 
below) the criteria for diabetes remained satis- 
fied until the animals avere either sacrificed, 
died, or were removed from the experiment 
after periods rarying from 32 to 425 days. 

Results. Of the 25 rats in which permanent 
diabetes was produced, 12 pregnancies were 
achieved in 7 rats, 2 of which had 3 preg- 
nancies, 1 had 2 pregnancies and the remain- 
der 1 each. Of the 12 non-diabetic control 
rats of the same age and strain as the e.xperi- 
mental animals, 11 pregnancies were produced 
in 8 rats over the same period of time. De- 
spite the absence of any effort at treatment of 
the diabetes, clinical acidosis was not obseri'ed 
in any of the 25 permanently diabetic rats. 
In no case was insulin administered. Never- 
theless, most of the animals remained in 
apparent good health, with maximum 24 
hour water intakes of 200-400 cc and ma.xi- 
mum urine outputs of 70-140 cc. Occasional 
isolated instances of acetonuria were ob- 
served. When olive oil was added to 
the diet, however, acetonuria was frequent 
and persistent. No blood carbon dioxide 
studies were performed, but clinical evidence 
of acidosis failed to appear. Blood sugars 
in the control group taken under the same 
non-fasting conditions as in the diabetic group 
averaged 95 mg% with variation from 79 
nig% to 119 mg%. Diabetic animals re- 
vealed blood sugars varying from 224 mg% 
to 650 mg%, with a single exception of one 
value of 133 mg%. The average of all dia- 
betic blood sugars was 450 mg%. 

As previously reported, (1,4) there was dis- 
appearance of oestrus vaginal smears for long 
periods of time and irregular oestrus cycles 
appeared in females with well established dia- 
betes. In rats made diabetic by subtotal 
pancreatectomy Richter et al.{6) reported the 
return of normal oestrus activity, when these 
animals ingested a high fat diet. The main 
constituent of this high fat diet was olive oil. 
Richter’s obseiv'ations are in large measure 

0. Eicnter, C. P., Sclimiat, E. C. H., Jr., and 
italone. P. D., Bull. Johns Uophins Bosp., 1945, 
v7G, 192. 


confirmed in our studies. Animals partook 
of olive oil when it was oft'ered and there was 
a definite trend toward normal oestrus cycles 
as a result thereof. In most cases, however, 
irregularities persisted and in no case did 
pregnancy occur after the use of olive oil. 

Observation of these 12 diabetic and 10 
normal pregnancies revealed the following 
data; (1) The estimated period of gestation 
varied between 20 and 29 da\"S in the diabetic 
group and between 20 and 28 days in the 
control group, with the majority of both 
groups varying between 20 and 23 daj'S. 
(2) No significant alteration in the severity 
of the diabetes was noted during pregnancy or 
in the puerperium in any of the animals, with 
the 2 exceptions, c.f. Rats no. 18 and no. 19 
below. (3) Though urines were not tested 
routinely for albumin and no blood pressure 
studies were performed, there was no clinical 
evidence of toxemia and the pregnancies in the 
diabetic animals appeared quite as normal as 
those of the controls. (4) Figures for the num- 
ber of young per litter as determined by ob- 
servation were found to be unreliable both in 
the diabetic and control series, because of the 
tendency in both groups to some degree of can- 
nibalism. In spite of this, howe\'er, no signi- 
ficant difference was noted in the number of 
offspring per litter in the tw'O groups. (5) No 
external congenital anomalies were observed 
at birth in any litters in either the e.xperi- 
mental or control series and, so far as clinical 
observation could determine, the fetuses were 
grossly of equal size in the two groups. Four 
offspring of 2 diabetic animals were observed 
to maturity and these animals proved to be 
completely normal in all respects. Repeated 
blood sugar levels were determined in these 
offspring of diabetic mothers after weaning 
at 28 to 35 days and no deviation of the blood 
sugar from normal was observed. (6) Be- 
cause of the size of the newborn rat it was 
impossible to measure the blood sugar level 
and since a clinical diagnosis of hjpoglycemia 
under these conditions was considered value- 
less, no data were obtained on this phase of 
the subject. (7) Compared with their pre- 
pregnant course and the diabetes of other non- 
pregnant rats, no alteration in the course of 
the disease was noted in 5 rats subsequent to 
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single or repeated pregnancies. (8) In Rats 
No. 18 and 19 of this series a phenomenon was 
observed which we are at a complete loss to ex- 
plain. Both of these animals died in hypogly- 
cemia. Neither of them was given insulin at 
any time. Rat No. 18 was first noted to be 
somewhat apathetic on the 15th day of her 
only pregnancy, 68 days after the onset of her 
diabetes, which prior thereto had not differed 
from that observed in our other animals. 
Biood sugar 13 days before death was 368 
mg^. Glycosuria in excess of 0.5 g in 24 
hours had persisted until the day' before death. 
Shortly after the apathy appeared cyanosis 
developed. There was bleeding from the nose 
and vagina. The coat became ruffled and the 
temperature fell to 99° (R). Five hours after 
the onset of this train of symptoms the animal 
was moribund. A cardiac puncture revealed a 
blood sugar of 26 mg%. Death ensued wdthin 
15 minutes. Autopsy was performed im- 
mediately. There were no gross abnormalities, 
^licroscopicalty, the kidneys showed colloid 
droplet degeneration in both the proximal 
and distal convoluted tubules. The sections 
of the eyes showed the presence of incipient 
cataracts. Well-formed islets of Langerhans 
were present in sections of the pancreas. There 
was no necrosis or excessive fat deposition in 
the adrenals or liver. Sections of the other 
organs including the pituitary were not re- 
markable. 

Rat No. 19 died with identical symptoms 
6 days after delivery of a litter of 9 living 
young, 32 days after the onset of her disease. 
Her diabetes had likewise run the usual course. 
Blood sugar 16 days prior to death was 
810 mg%. Following delivery the animal ate 
no chow and drank little water but devoured 
her entire litter. She became moribund 8J4 
hours after the onset of symptoms. Cardiac 
blood sugar at this time was 22 mg%. Death 
occurred about 15 minutes later and autopsy 
was performed immediateljc No gross ab- 
normalities could be made out. Microscopic- 
ally, the only positive finding was the presence 
of incipient cataracts in sections of the eyes. 

Discussion. The results of this study of 
12 diabetic and 10 control pregnancies confirm 
previous repoTtsfl,4) that alloxan diabetes, 
like pancreatectomy diabetes(6) interferes 


with normal oestrus. Administration of olive 
oil to these animals tends to restore a more 
normal oestrus pattern as demonstrated by 
Rich ter (6) for subtotally pancreatectomized 
animals, but does not influence fertility. 

Our results are contrary to those of Davis 
et flf.(l) who reported the resorption of 
fetuses in 4 uncontrolled alloxan diabetic 
rats and stated that control of the hypergly- 
cemia by insulin, as demonstrated in 7 treated 
rats, was essential to successful completion of 
pregnancy uith live litters. 

Miller(2) reported 10 normal pregnancies 
in 8 diabetic rats where the average glycosuria 
per day varied from 0.27 g to 0.5 g, in 3 un- 
treated animals, and from 0.3 g to 1.6 g per 
in 7 rats treated with protamine zinc 
insulin in order to prevent severe glj’cosuria. 
No blood sugars w’ere reported. These un- 
treated animals demonstrated mild diabetes 
as judged by our requirement of a glycosuria 
in excess of 0.5 g in 24 hours. 

Davis ct al.{l) reported that in untreated 
allo-xan diabetic rats “pregnancy progressed 
normally until about the 12 th day following 
which the fetus died and was slowly ab- 
sorbed”. Our data, however, do not support 
this finding and confirm those of Sinden and 
Longwell.(4) Eleven of the 12 pregnancies 
studied progressed normally to term with the 
delivery of normal litters. The need for 
insulin as stressed by Davis et al.(l) did 
not exist in this series. In fact, the only rat 
that died during pregnancy manifested a 
terminal hypoglycemia. 

Summary and conclusions. ( 1 ) Allo.xan dia- 
betes, like pancreatectomj’ diabetes, inter- 
feres with the normal oestrous cjxle of rats, 
and impairs fertility. 

(2) Administration of olive oil aids in 
reversion of the oestrous cycle tow’ard normal, 
but does not improve fertility. 

(3) The course of 11 of the 12 pregnancies 
reported in this study was uninfluenced by 
the presence of pre-existing permanent allo.x- 
an diabetes. 

(4) The course of the diabetes in 3 of the 
7 rats observ'ed was not influenced by single 
or repeated pregnancies. 

(5) Two rats died in hj^oglycemia, one 
on the 15th day of pregnancy and one 6 dal's 
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post partum. The mechanism of this hypo- 
glycemia is unexplained. 

(6) Administration of insulin was not re- 


quired in order to obtain livC; full term litters 
in 10 of the 11 pregnancies observed. 

Beceived October 11, 1945). P.S.K.B.M., 15»49, v'i!. 


Purification of Certain Viruses by Use of Protamine Sulfate. (17535) 
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Pfotii tits Dcpartvient oj Virt/s (ind Rickettsial Diseases, Army Afedicai Depactuteat Rcscacch attd 

Graduate School, TrnjWHgfon, D. C. 


During attempts to improve the immuno- 
genic potency and to increase the purity of 
Japanese encephalitis vaccine, it was noted 
that the addition of protamine sulfate to sus- 
pensions of infected chick embryo tissue pro- 
duced a heavy precipitate, and, of particular 
interest, left almost all of the virus in the clear 
supernatant fluid. Subsequently, a number of 
viruses were studied with respect to their be- 
havior in the presence of protamine. It was 
found that they fell into 2 groups, i.c., those 
■ which ivere precipitated along with the tissue 
materials as has been observed by others (1,2) 
and those, like Japanese encephalitis virus, 
which remained in the supernatant fluid. For 
this latter group, protamine precipitation pro- 
vides a rapid, simple and effective means for 
partial purification. 

Methods. considerable number of orient- 
ing experiments indicated that protamine pre- 
cipitation could be carried out in the follow- 
ing manner: -A chilled infected 10% suspen- 
sion of mouse brain clarified by low-speed 
centrifugation or a 20% suspension of uncen- 
trifuged' chick embryo tissue, pH 7.0 to 7.2, 
is added to protamine sulfate (salmine) in the 
proportion of I.O ml of tissue suspension for 
each 5.0 mg of protamine. Either the readily 
soluble dry protamine powder or a solution of 
the material is used. A fine precipitate forms 
immediately on the addition of the tissue 
suspension to the protamine. The mixture is 
kored with occasional agitation in the re- 
frigerator for 30 minutes afte r which the pre- 


.-nul Henlo, tV.. Pnor. Soc. 

Jxr Biol, .vxp Mh’m „ 

» Bawflen, T . C., and Firie, X. B., Rroc . Roy . 

\oc., Series s, mr. va 2 . 3 , 274. 


cipitate is separated by low-speed centrifuga- 
tion at 3000 RP3f for 15 minutes in an angle 
centrifuge. The resultant clear, pink super- 
natant fluid is decanted and saved; in the 
present report it is designated as “protamine 
supernate.” Protamine supernates obtained 
by the method just described dev'elop a granu- 
lar precipitate during the first 24 hours of 
storage in the refrigerator. Furthermore, if 
formaldehyde is added in order to inactivate 
the virus, a heavy flocculation slowly develops. 
This flocculation apparentlj'- is due to the 
residual protamine in the preparations. It can' 
be avoided if the e.xcess protamine is removed 
by precipitating it with heparin. The opti- 
mum amount of heparin for this purpose is 
3.8 mg jier ml of supernate. Less than this 
amount fails to remove sufficient protamine 
whereas more produces a finely dispersed pre- 
cipitate which sediments with difficulty. Thir- 
teen viral agents were subjected to treatment 
with protamine. Their distribution in die 
various fractions thus obtained was determined 
by assajdng the infectivity of the materials. 
In all but 2 instances this was done by intra- 
cerebral titration in mice in the usual manner. 
The exceptions were mumps virus, whidi was 
assayed in embrj'onated eggs by testing for the 
presence of viral hemagglutinins in the chorio- 
allantoic fluids, and one strain of vaccinia 
virus, which was titrated on the chorioallantoic 
membrane. 

Results. Action oj protamine on injected 
suspensions. The viral agents which remain 
in the clarified supernatant fluid after treat- 
ment with protamine are listed in Table I, 
as are those which are precipitated along irith 
tissue materials by this treatment. Others 
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TABLE I. 

Infective Titer of Crude and Protamine-treated Suspensions of Virus Infected Tissues. 


Virus 

Crude 

.Rource suspension 

Infective titer 

Protamine-treated 
Supernate Sediment 

Cnlotado tick fever 

Agents not precipitated 
Mouse brain 

fi .2 

,5.2 

3.S 

Equine cneeplinlnmveUtis 

it 

S.4 

S.2 

N.D. 

(ivestern type) 
Enccpimionivocarditis 

it 

S.5 

S.o 

N.D. 

Japanese encephalitis 

i> a 

8.4 

8.4 

<6.0 

Chick embryo 

V .S 

7.2 

<6.0 

Poliomyelitis (Lansing) 

Mouse brain 

3.4 

3.2 

N.D. 

Cotton rat brain 

3.0 

3.0 

N.D. 

I’ussian Spring-Summer 

Mouse brain 

S.7 

8.5 

N.D. 

encephalitis 

Louis encophniitis 

it J J 

G.7 

6.8 

N.D. 

West Nile virus 

j> ft 

7.G 

7.6 

N.D. 

Herpes 

Agents precipitated 
Mouse brain 

4.3 

<1.5 

3.S 

Lymphneytic choriomeningitis 

ft it 

5.2 

<2.0 

3.2 

Murine enccph.alomvelitis 

ft it 

7.4 

<4.0 

6.8 

(GU VII) 

KfHiics 

ft if 

G.6 

3.5 

5.4 

Vaccinia 

tt it 

5.2 

<3.0 

N.D. 


Oiiek embryo 

8.2 

4.5 

7.0 


have shown that influenza(l) and tobacco 
mosaic(2) viruses are precipitated by pro- 
tamine. Most of the observ'ations on factors 
influencing the protamine reaction were made 
on suspensions of chick and mouse tissues 
infected with Japanese encephalitis virus. The 
amount of protein nitrogen, i.e., acetic acid 
precipitable N, in the mouse brain protamine 
supernatant was about one-third that in the 
crude tissue suspension. When the prota- 
mine precipitation was performed at various 
temperatures ranging from 2'’C to 30'’C, 
there was little variation in the virus titer and 
total nitrogen in the protamine supemates. 
However, when the temperature was over 
30°C, the supemates were never quite clear. 
IV e have chosen to perform the procedure in 
the cold to maintain maximum infeclivitj' of 
the viral materials. Other observations indi- 
cated that the technic was equally effective 
when carried out over the pH range from 6.0 
to 8.0. 

Ptiriiy of protamine clarified materials. On 
the basis of infectivity and total nitrogen 
values the purity of preparations of Japanese 
encephalitis virus obtained by ultracentrifu- 
gation of protamine supernatants was appreci- 
ably greater than that of viral suspensions ob- 


tained by the usual differential centrifugation 
procedures. In 2 experiments aliquots of a 
suspension of mouse brain were treated by the 
2 methods. Protamine supernate prepared 
from 1 aliquot was centrifuged at 100,000 G 
for 1 hour after which the sediment was resus- 
pended and saved. The other aliquot was first 
clarified by centrifugation at 10,000 G for 1 
hour and then subjected to the same treatment 
as the protamine supernate. The total nitrogen 
content of the ultrasediments, expressed as 
gamma/ml of suspension subjected to ultra- 
centrifugation, was 7.0 and 3.0, respectively, 
for the 2 protamine-treated materials, and 73 
and 40, respectively, for the materials concen- 
trated by centrifugation alone. It should be 
emphasized that in one experiment the infec- 
tive titers of the original suspension and of the 
resuspended sediments obtained by both pro- 
cedures were of the same order of magnitude, 
i.c., lO-'-i'-lO’® ®. 

Electron micrographs were made of prep- 
arations of Japanese encephalitis virus obtain- 
ed from infected mouse brains bi’’ combined 
treatment with protamine and heparin follow- 
ed by uhracentrifugation. These showed little 
other than numerous spherical particles with a 
diameter of appro.ximately 20 m/i; the size of 
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TABLE II. 


Comparative Potencies of Crucle and Purified Jap 
aiicsc Encejihalitis Vaccines (10% Iilouse Brain). 


Vaccine 

^’o. 

Purification 

Ifiniinal 
imninnogenie 
dose, ml 

1S5A 

Crude 

.001 

185A 

Protamine* 

.008 

172 

Protamine* 

.007 

17G 

Crude 

.006 

17G 

Protamine-Iiejiarin 

.007 

173 

M 1 J 

.005 

180B 


.002 

181 

Protamine-heparin -{- 
tntracentrif ligation 

.004 


* Vaccines inactivated Bv ultraviolet light. All 
other vaccines inactivated -with formaldehyde. 


Japanese encephalitis virus is about 15-22 mfi. 
Similar particles were also found in sediments 
from suspensions of normal mouse brain pre- 
pared in the same manner. Hence, it was 
not possible to differentiate between the 
Japanese encephalitis virus and particles of 
the sedimentable component which were pres- 
ent in normal mouse brain preparations. 

Antigenicity of protamine-treated Japanese 
encephalitis vaccines. Japanese encephalitis 
vaccines were prepared from infected mouse 
brain and partially purified by treatment ivith 
(a) protamine, (b) protamine and heparin, or 
(c) by ultracentrifugation of protamine-hep- 
arin treated materials. In most of these the 
virus was killed by 0.2% formaldehyde. Two 
lots were inactivated by irradiation with ultra- 
violet light. The data summarized in Table 
II indicate that each of these preparations 
when assayed in mice would meet the potency 
requirements established for Japanese enceph- 
alitis vaccine.(3) 

One of the lots of protamine-heparin treated 
vaccine .(180B, Table II) was tested for its 
immunogenic activity in human beings. Seven 
volunteers were given 0.1 ml of the purified 
material intradermally while 8 received 1.0 ml 
subcutaneousl}^ All of these persons had pre- 
viously received one or more courses of crude 
chick embrvo type Japanese encephalitis vac- 
cine. The 'level of Japanese encephalitis neu- 


tralizing antibody before and after injection 
was determined by the intracerebral mouse 
test. Five of the volunteers had detectable 
amounts of specific antibody before receiving 
the present vaccine (neutralization indices be- 
tween 100 and 650). All 5 of these showed a 
marked rise in titer following their booster 
dose with indices which now ranged between 
2500 and 40,000. In addition, 6 of the 10 
v'olunteers without detectable antibodj’ prior 
to vaccination subsequently developed signifi- 
cant amounts of antibody with indices ranging 
from 100 to 15,000. The antibody respwnse 
was similar in the groups who received vaccine 
intradermally and subcutaneously, and did 
not differ appreciably from that previously 
noted in persons receiving booster doses of the 
standard Japanese encephalitis vaccine by the 
same routes. (3) 

It may be mentioned that vaccine 180B had 
a titer of 1:16 when used as antigen in a com- 
plement-fixation test performed according to 
the technic previously emplo3fed in this labora- 
tory.(3) This is within the limits generally 
obtained for antigens prepared from mouse 
brain infected with this virus. Protamine- 
treated antigens of a different tj-pe have been 
used by Roberts(4) in a serological floccula- 
tion test for poliomyelitis. 

Summary. Suspensions of a number of viral 
agents can be partially purified by treatment 
with protamine sulfate which precipitates 
much of the extraneous material leaving es- 
sentially all of the virus in the clarified fluid. 
Preparations obtained bj' this simple method 
have potential value as antigens, vaccines and 
starling material for studies on the physical 
and biochemical nature of selected viral 
agents. 

3. Warren, J., Sinadel, J. E., anti Rnsinn-sen, 
A. F., J. Iiiimiino/., lOiS, voS, 211. 

4. JiobiTts, E. C., Piih. Jlmltli Pep., li'40. viH, 

OJO 
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Mouse Spleens.* (17536) 

Axxa Dean DuLANEyt and Kristen ArnesenJ 

Ftovi the Sloan-Ketlcring Institute for Cancer Research, Kew York. 


Serologic studies, emplojdng cytoplasmic 
fractions segregated from .the spleens of nor- 
ma! and leukemic mice( 1) demonstrated quan- 
titative, but not qualitative, differences. Since 
nitrogen values had been made the basis for 
dilution of all fractions for immunization pur- 
poses. as well as for use in serologic tests, we 
postulated that some other antigenic compon- 
ent — not measurable entirely by nitrogen eval- 
uation — could account for the quantitative 
differences, as expressed b\' the consistently 
higher serum titers for the leukemic fractions. 
The e.xperiment was repeated with a second 
lot of cytoplasmic fractions, prepared in Dr. 
Jiary L; Petermann’s laboratory, and de- 
scribed as follows; 

“’The- mitochondria were separated' and 
trashed in 0.88 ^1 sucrose as in earlier e.xperi- 
ment5;(-2) except that cycles of low and high 
speed centrifugation were employed, to insure 
the removal of larger as well as smaller 
particles. The two fractions of submicro- 
scopic particles, P] and Pa, were isolated from 
the mitochondria supernatant by centrifuging 
for two hours at 180,000 x gravity. The Pi 
fraction came from the pellets, while the Pa 
came from the layer just overlying the pellets. 
Each fraction was washed once with 0.44 hi 
sucrose. A detailed description of these parti- 
cles will be published elsewhere.” (3) 

* This study was supported by grants from the 
Oflice of Naval Eesearch and tlie James Founda- 
tion of New Torh, Ine. 

1 Permanent address, The Institute of Pathol- 
ogy. Fniversity of Tennessee, Memphis. 

♦ Honorary Fellow, Ameriean Scandinavian 
Foundation. Permanent address. The Institute of 
Patliology, University of Oslo, Norway. 

1. Dulaney, Anna Dean, Goldsmith, Yvette, 
Arnesen, Kristen, and Buxton, Ix)uise, Cancer Re- 
search, 1949, v9, 217. 

2. Alfin-Slater, B. B.. Larack, A. M., and Peter- 
mann. M. D., Cancer Research, 1949, v9, 215. 

3. Petermann, M. L., Larack, A. M., and 
Handler. R. S., in preparation. 


These cell preparations were used by us for 
immunization of rabbits, and as antigens in 
complement fixation tests. In all details 
these procedures followed those of the earlier 
stud}'. Likevs-ise, the results reflected those 
of the first experiment. Further study demon- 
strated that these spleen antisera — ^both nor- 
mal and leukemic — are injurious to leukemic 
cells upon in vitro exjxisure. hloreover, a 
marked difference, as measured by sundval 
rates of mice receiving serum-treated cells, 
appears between the cytotoxic effects pro- 
duced by the normal and leukemic antisera in 
suitable dilutions, differences far greater than 
those revealed by complement fixation pro- 
cedures. 

WTiile cytotoxic properties of antisera to 
various tumors have been reported bj' Lums- 
den,(4) Kidd,(5) Andervort,(6) Green,(7,S) 
Burmeister,(9) such action of antisera on the 
leukemic cell has not been described. 

In this laborator}’ however Stocks obsen'ed 
that e.xposure of leukemic cells to anti-leu- 
kemic cell (whole cell) or anti-normal mouse 
tissue sera, prior to injection of a small series 
of mice, resulted in a high percentage of sur- 
vivals. Undiluted sera were used and the 
survival rate in the two groups of animals 
was verj' similar. 

Materials and methods. Antisera. The fol- 
lowing antisera to spleen components were 
tested for cytotoxic action: 

1) hlitochondria, normal and leukemic 

2) Pi, normal and leukemic 

4. Lumsden, Thomas, Am. J. Cancer, 1937, v31, 
430. 

5. Kidd, John G., Science, 1944, t99, 34S. 

G. Andervort, Howard B., and Bryan, W. Roy, 
J. Xat. Cancer Inst., 1944-45, v5, 143. 

7. Green, Robert G., Pkoc. Soc. Exp. Biol. -VXD 
Med., 194G, vGl, 113. 

8. Green, Robert G., Science, 1947, vl07, 93. 

9. Burmeister, B. R., Cancer Research, 1947, 
v7, 459. 

f Personal communie.ation. Dr. C. Oiester Stock. 
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3) P 2 , leukemicii 

4) Nuclei, normal and leukemic(lO) 

5) Whole cell, normal and leukemic 

6) Heterologous tissue (liver, lung, kidney) 

-As previously stated, all preparations were 

standardized on the basis of nitrogen content. 
All rabbits received 6 doses of antigen ad- 
justed to contain the same amount of nitrogen. 

The source of the leukcmtc cells used in 
Tests. The strain of lymphatic leukemic 
(No. 9421) was carried routinely by intraperi- 
toneal injection of inbred mice (brother-sister 
matings) with leukemic cells. The donor spleen 
was minced finely in 19 parts of physiolo^cal 
saline solution and the cells filtered through 
cotton by aspiration into a tuberculin syringe 
carrying a 26 gauge needle. The number of 
cells per 0.1 ml was determined by counting in 
a haemocytometer. Following intraperitoneal 
inoculation with 1,000,000 cells, mice consis- 
tently died after 10-12 days and upon autop- 
sy e.xhibited typical leukemic spleens nith an 
average weight of 0.4-0.6 g. The spleens of 
these inbred mice were used as sources of 
leukemic cells for all the e.\’periments reported 
here. Akm mice were however used as test 
animals. 

Tests joT Cytotoxic Action of Antisera. The 
test dose for all the cytotoxic tests and controls 
consisted of 100,000 cells introduced intra- 
peritoneally. All antisera had been heated for 
30 minutes at 56°C prior to use. Measured 
amounts of antisera, in the dilutions indicated, 
were combined with leukemic cells. Guinea 
pig complement!^ was added in the proportion 
of 0.1 ml of complement to 1.0 ml of anti- 
serum and cells,** and the mixture incubated' 


II The yield of particles differed quantit.a- 
tively and it was not possible to obt.oin sufficient 
material from the amount of normal spleen used. 

10. Arncsen, Kristen, Goldsmith, Yvette, .and 
Bulancv, Aim.a Dean, Cnnccr racnrcti. 1019, v9, 


U.', 

•i C.arworth Yarms — "Vacseal.” 

»*It ivas not determined vvhethcr complement 
ras aecessarv for the action of the scrum. This 
ubiect is reviewed by Leymaster .and Wnrd.(n) 
t was established however that complement (lid 
lOt interfere in any way with the phenomenon of 

''ll.’’LSmaster, Glen R.,_ and Ward. Thomas G., 
r. Immitno/., 2949, vGl, 9<i. 


at 37°C for 2 hours with frequent stirring. 

Controls. The following controls were in- 
cluded ; 1 ) Cells -f- physiological saline solu- 
tion, injected without preliminary’ incubation. 

2) Cells physiological saline solution -f 
complement, incubated for 2 hr at 37°C. 

3) Cells -f- normal rabbit serum -j- comple- 
ment. 

One series of mice received this mixture im- 
mediately while a second series of animals re- 
ceived identical doses after incubation at 
37°C for 2 hours. All mice were observed 
daily and each mouse dying after the 10th day 
was autopsied and the size of the spleen re- 
corded. At intervals spleens from certain of 
the groups were combined and the average 
weight recorded. 

Results. Cytotoxic Tests. Table I shows the 
survival rates among 352 mice serving as con- 
trols. One of 96 mice receiving the dose of 
100,000 leukemic cells immediately’ after 
standardization survived. Incubation of the 
same dose of leukemic cells wth complement 
and physiological saline, or with normrj rabbit 
serum and complement, produced a slight in- 
crease in the number of sun'ivals. The dif- 
ferences in survival rates of mice receiving 
100,000 leukemic cells in combination with un- 
diluted antisera to normal and leukemic spleen 
fractions were not significant; therefore, a 
table is omitted. This confirms Stock’s ob- 
servation -ndth the undiluted antisera to whole 
cells. There was, howev'er, a significantly’ low- 
er survival rate of mice receiving antisera to 
heterologous organs. The spleen lymphocyte 
thus stimulates the formation of a specific 
antibody effective against the leukemic cell. 
When the antisera to the normal and leukemic 
cell fractions were diluted in serial fashion, 
prior to combination with the leukemic cells, 
there was demonstrated a highly significant 
difference in the cytotoxic action. This sug- 
gests that the concentrated antibody of the 
undiluted sera may’ have masked the true ef- 
fects, apparent upon dilution. Table II gives 
the complete data from titrations. 

It is apparent that the mitochondria anti- 
sera exhibited the higliest titers but the least 
difference between the normal and leukemic. 
The Pj antisera, while of lower tilers, e.xhibiteri 
the greatest differences in effects. Compari- 
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TABLE I. 

ShovriDg the Survivals in the Groups of Mice Serving as Controls. All Keceived Standard Boses 
of Leukemic C-ells, but Xo Anti-Sera. 


Combination 

No. of mice 

No. of survivals 

of survivals 

Cells and saline ; no incubation 

96 

1 

1 

Cells and saline and complement ; 

1.57 

S 

5 

incubated 2 hr 




Cells and normal rabbit serum and 

49 

2 

4 

complement; no incubation 




Cells and normal rabbit serum and 

50 

o 

4 

complement; incubated 2 hr 




TABLE U. 



Showing the Cvtotoiie Action of DUuted Antisera on Leukemic Cells. 

Antiserum Dilution of serum 

No. of mice 

No. of survivals 

of survivals 

formal mitochondria 1 ; 10 

10 

9 

90 

1:100 

10 

10 

100 

1:200 

10 

9 

90 

1:500* 

30 

S 

27 

1:750 

20 

3 

15 

tienkemic mitochondria 1 : 10 

10 

10 

100 

1:100 

10 

9 

90 

1:200 

9 

9 

100 

1:500* 

30 

29 

97 

1:750 

20 

12 

60 

formal P-1 1:10 

30 

7 

23 

1:100 

25 

5 

20 

l:200f 

- 26 

3 

12 

1:500 

25 

O 

8 

Leukemic P-1 1:10 

9 

9 

100 

1:100 

10 

10 

100 

l:200t 

25 

24 

96 

1:500 

24 

10 

42 

Leukemic P-2 1:10 

10 

10 

100 

1:100 

10 

10 

100 

1:200 

9 

8 

89 

1:500 

10 

0 

0 

Kormal nuclei 1:10} 

34 

4 

12 

1:50 

20 

0 

0 

Leukemic nuclei 1:10} 

34 

26 

76 

1:50 

20 

1 

5 


Serum dilutions used for comparisons arc indicated in Table II. 


son of the nuclei antisera demonstrated the 
markedly enhanced cytotoxic effect of the leu- 
kemic. 

It may be pointed out here that the “infec- 
tious property”- of the leukemic cells is con- 
tained within the celt. A standardized cell 
suspension was divided and one part stored 
in the refrigerator, while the other half was 
washed 3 times with phosphate buffered- 


physiological saline solution, and the cells 
suspended in buffered solution equal to the 
original volume of physiological saline. One 
group of mice received the original suspension; 
the other, the same dose of washed cells. There 
were no survivors in either group and the time 
of death was almost identical. No blood or 
tissue constituent therefore seems necessary 
for the in vivo establishment of the leukemic 
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TABLE m. 

Showing Bcsnlts of Challenge Dose of 100,000 Leukeniie Cells Given to Groajis of Mice Siirvir- 
' ing Inoculation of Cell-Scfuin Mixtures". 


Mice surviving after 
cells -j- antiserum 

No. of mice 

Xo. of siirviv.ais 

% of siirviv.'ils 

Normal mitoclioiulria^ 

o 

0 

0 

” P-l 

10 

0 

0 

” nuclei 

10 

0 

0 

Leukemic mitoeliondriat 

0 

0 

■' 0 

" P-1 

10 

o 

20 

}) p.o 

10 

o 

" 20 

’ ’ nuclei 

10 

o 

20 


Ten other mice reecivecl 10.000 cells. None survived. 

} JJ !> n 1) >! >1 1) 1! 


cell. Furthermore this observation substan- 
tiates the use of the term “cytoto.vic” in refer- 
ence to the action of the antiserum. A further 
observation concerns the question of immuni- 
ty in mice surviving the antiserum-cell mix- 
ture for 45 days. Groups of such mice were 
given challenge doses of 100,000 leukemic 
cells. The results of these second inoculations 
are given in Table III. While the individual 
groups are small it is apparent that there is a 
significant difference between the survival 
rates of the animals “immunized"’ with leu- 
kemic cells exposed to normal antisera, and 
leukemic cells incubated ivith leukemic anti- 
sera. None of the mice in the first group of 
25 survived, while 6 of the 34 making up the 
second group remained well for the 45 day 
period. 

By use of the point binomial it can be 
shown that the probability of 6 survivals out 
of 34 animals is less than 1 in 100.000 if the 
true death rate is accepted to be 99% (Table 
I.). Other mice which had also survived the 
first 45 day period were sacrificed and their 
spleens examined. Based on macroscopic ap- 
pearance and actual weight, the spleens would 


not be classed as leukemic. Pooled sera of 
other survivors did not protect mice in e.xperi- 
ments employing the standard dose of 100,000 
cells. 

Summary. Antisera to both normal and 
leukemic spleen cell components e.xhibit cyto- 
toxic effects for leukemic cells, upon in vitro 
e.xposure. In every instance the leukemic anti- 
sera were much more effective than the cor- 
responding normal antisera. These differences 
were greater than those obtained by comple- 
ment fi.xation procedures. The anti-mito- 
chondria sera exhibited the highest “titers’’ 
but the least difference between the normal 
and leukemic. The most significant differ- 
ences otcurred between the leukemic and nor- 
mal Pi antisera, with the leukemic antiserum 
showing 8 times the activity of the normal. 
Highly significant differences were also demon- 
strated between the nuclei antisera. The leu- 
kemic antiserum proved over 6 times as ef- 
fective as the normal A slight active immuni- 
ty was demonstrated in mice surviving the 
combination of leukemic cells and leukemic 
antisera. 

Bccoivcd October 7, 1940. B.t-.E.U.M.. 1949. v7t. 
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Experimental Dental Caries. XIV. Further Studies on Effect of Certain 

Quinones.* (1/537) 

Humberto Grakados, Agnete Sxog-Kj.^r, Johs. Gla\tnd axd Hexrik Dam 

From the Department of Biology, Polytechnic Institute, Copenhagen, Dentnark. 


The investigations on the inhibitor}' action 
of certain quinones, with and without \'itamin 
K activity, on acid formation in vitro, as well 
as the contradictor}' findings on the effect of 
vitamin K in the prevention of dental caries 
have been recently re\'iewed by Dam.(l) 
In order to study further this problem we (2) 
carried out an experiment in which was 
studied the effect of 3 quinones with, and 3 
without vitamin K activity, on dental caries 
activity in hamsters. The results showed that 
none of the compounds tested induced any 
significant decrease of dental caries. How- 
ever, in the discussion of the results obtained 
we indicated the advisability of testing in a 
future experiment the effect on caries activity 
of various quinones and related compounds 
having different ability to inhibit acid pro- 
duction in vitro, and using larger amounts of 
the compounds than those previously used. 
It was stated that although in case of obtain- 
ing favorable results the implications of such 
an e.\periment would not favor the use of 
quinones, due to their to.xicity, in the preven- 
tion of dental caries, a study of this kind 
should indicate how far the ability of certain 
quinones to inhibit acid production in vitro 
would be paralleled by a corresponding ability 
of these compounds to decrease caries activity. 
Therefore the findings thus obtained should 
contribute to a proper evaluation of the actual 
relationship between acid production and the 
development of caries. We are here reporting 
the results of such an experiment, which was 
carried out after the inhibitory power of cer- 
tain quinones on acid production in vitro had 
been determined. 

Experimental. First, an in vitro experi- 
ment was carried out in order to determine the 
inhibitor}' power of a series of quinones and 

* This ^\o^k Tras supj»ortcd tiy a grant from 
Rask-Prsted Fondet. 

1. Dam, n., rifamins and Hormones, 194S, YI, 27. 

2. Granados, H., Glavind, J., and Dam. H., 
slcta Path, cl Ulicrohiot. Scand., 1949, v2fi. 597. 


related compounds, with and without vitamin 
K activity, on acid formation by certain oral 
bacteria. As a source of acidogenic bacteria 
was used pure cultures of 2 strains of lacto- 
bacilli (Li and Lo) and streptococci (Si and 
So) isolated from the deepest portion of a 
human carious lesion. The substrate used for 
the growth of streptococci consisted of casein- 
peptone broth plus 2% glucose. For the 
lactobacilli was used the same medium sup- 
plemented with yeast autolysate. The effect 
of 13 quinones and related compounds, 6 with 
and 7 without vitamin K activity, on the 
growth of the isolated bacteria was tested. 
2-methyl-l, 4-naphthoquinone (menadione) 
was used in the amount of 2 mg per 100 cc of 
substrate; the other substances were tested 
in the same concentration calculated on a 
molecular basis. In order to avoid the auto- 
claving of the compounds to be tested, they 
were added to the sterilized substrate in the 
tubes, dissolved either in sterile water or in an 
easily evaporable organic solvent such as 
acetone. The tubes were inoculated and then 
all were incubated with occasional shaking at 
37°C for 18 to 20 hours, at which times the 
pH of the tubes, including the non-inoculated 
and inoculated controls, was determined with 
a glass-electrode potentiometer. The results 
obtained are presented in Table I. 

It can be seen from this table that of the 
quinones derivatives "n'ith vitamin K activity 
methylnaphthoquinone, methylnaphthohydro- 
quinone and methylnaphthohydroquinone di- 
succinate markedly inhibited acid formation 
by lactobacilli, and afforded complete in- 
hibition ■ of acid production by streptococci. 
On the other hand, the tetrasodium and di- 
calcium salts of methylnaphthohydroquinone 
diphosphate, as well as the disodium salt of 
methylnaphthohydroquinone disulfate, all of 
which have the same vitamin K activity as 
the first 3 substances, did not inhibit acid 
production by any of the bacteria tested. 
This marked inhibitory power of methylnaph- 
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T^VBLE II. 


Compounds Added and Caries Aetivity in tlic 5 Groups. 



Groui) 1 
o -J"! 

Group 2 

5 -po 

Group 3 

5 -p5 

Group 4 

5 +4 

Group 5 

5 

Kind and Amt. of each 
substance added to 
100 g of cariogeiiie 
diet 

Control 

280 mg 
2-metliyl-l,4- 
unphtliolij'dro- 
quinone di- 
phosphate di- 
ealcium salt 

(9.5% HuO) 

223 mg 
2-methyl-l,4- 
naphthohydro- 
quinone di- 
succinate 

16S mg 
aiithra- 
quinone-2- 
sulphonic 
acid 

148 mg 
2-3-dichloro- 
1,4-naphtho- 
quinone 


Vit. K. aetivity 


-k 

-k 

— 

— 

Inhibits acid produc- 
tion in -ritro 


— 

-k 

— 

-k 

Av. Ko. of molars affected 

9.G 

9.G 

D.2 

8.4 

8.3 

Stand, dev. 

±0.6 

0.3 

0.4 

O.G 

0.1 

•Av. No. of carious lesions 

15.9 

15.4 

15.5 

12.C 

13.8 

Stand, dev. 

±2.0 

1.0 

2.0 

l.G 

1.1 

.tvg caries scores 

8.C 

S.7 

13.4 

1.1.2 

7.8 

Stand, dev. 

±1.1 

0.8 

4.3 

C.2 

0.2 


thoquinone, methylnaphthohydroquinone and 
methylnaphthohydroquinone disuccinate on 
acid production agree with the marked anti- 
bacterial effects m vitro of the same com- 
pounds reported by other investigators. (3,4) 
Of the 7 compounds with none or negligible 
vitamin K activitjq only dichloronaphthoqui- 
none showed in some cases a considerable in- 
hibitory power on acid production, and hy- 
dro.vynaphthoquinone inhibited slightly acid 
formation by streptococci. 

Considering the results of these itt vitro 
studies, in order to compare the effects of 
quinone derivatives, with and without vitamin 
K- activity, having marked or none inhibitory 
action on acid formation), 3. anthraquinone- 
the following compounds were used in the 
caries experiments; 1. dicalcium salt of 2- 
methyl-1 ,4-naphthobydroquinone diphosphate 
(with vitamin K. activity and without inhib- 
itory action on acid production), 2. 2-methyl- 
1.4-naphthohydroquinone disuccinate (with 
vitamin K activity and with marked inhibitor}' 
action on acid formation), 3. anthraquinone- 
2-sulphonic acid without vitamin K activity 

3. Armstrong, W. D., .Spink, V>'. tV., and 
K.-iImke, .1., Pboc. Soc. Exp. Biou .\xd >Iei)., 1943, 
vo3, "30. 

4. Atkins, P., and Ward. .T. L., Bril. J. Exp. 
Bath., 194.1, v"G, ICO. 


and without inhibitory action on acid forma- 
tion, and 4. 2-3-dichloro- 1,4-naphthoquinone 
(without vitamin K activity and with inhib- 
itory action on acid formation). 

Fifty newly weaned hamsters from an in- 
bred colony were littermate distributed into 5 
groups (5 males and 5 females in each), and 
were reared in screen bottom cages without 
bedding for 100 days on the following basal 
diet to which was added in each case the 
quinone derivative indicated in Table II: 
Salt mixture! 1%, alfalfa meal 2%, Brewer’s 
yeast 5%, powdered whole milk 22%, finely 
ground yellow corn 25%, and finely powdered 
sucrose 45%. All the quinone derivatives 
were supplied in equal molecular concentra- 
tions. The groups were given water ad libi- 
tum, and were weighed weekly. On comple- 
tion of the 100-day experimental period the 
animals were sacrificed and autopsied. The 
molars were prepared for examination and the 
carious lesions were recorded and scored as 
previously. (5) 

Results. At the levels given most of the 

t The .salt mixture used was JleCoIIuin’s Salt 
Mixture No. 1S5, supplemented with IS.ii mg KI, 
139 mg CuSOj, 51I„0. and S5G mg MnSOj, AH^O 
]ter 100 g, 

o. Granados. H.. Gla\-ind. J., and Dam. H., Acta 
Path, ct Microhial. Senuth, 19-lS, 453. 
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Fio, 1. 


Average growth curves of the 5 groups. Group 1, control. Group 2. dicnlcium salt of 2- 
metlij-H,4-naphthohy(lroquinono diphosphate. Group 3, 2-methyl-l,4-naphthohydroquinone 
disuccinate. Group 4, anthraquinonc-2-sulphonic acid. Group 2-3-diohloro-i,4-naplitIio- 
quinone. 


quinones derivatives used showed to be toxic 
through an inhibition of growth. Fig. 1 shows 
that in increasing order dichloronaphtho- 
quinone (group 5), methylnaphthohydroqui- 
none disuccinate (group 3), and dicalcium 
salt of methylnaphthohydroquinone diphos- 
phate (group 2) were toxic. On the other 
hand, anthraquinone sulphonic acid (group 
4) did not induce any inhibition of growth 
as compared with the control (group 1). 
Table II shows, besides the compounds used, 
their vitamin K. activity and their ability to 


inhibit acid production, the caries activity of 
the 5 groups. Beneath the average number of 
carious molars, carious lesions, and caries 
scores are presented the standard deviations 
of the means. Tlie results presented in this 
table show that none of the quinone deriva- 


tives tested decreased the incidence or extent 
of caries. On the other hand, the higher 
avera'^e caries scores exhibited by groups 3 and 
4 are'’ not significant since these increased 
caries scores were due only to the e.xceptiom 
allv hi'^h caries activity of one animal in each 
of 'these groups. This is clearly seen from the 


much higher standard deviations of the caries 
scores in these two groups. 

Discussion. This experiment confirms the 
negative findings of our previous study on this 
subject; (2) dicalcium salt of methylnaphtho- 
hydroquinone diphosphate and dichloronaph- 
thoquinone were used in both e.xperiments, 
but in none of them these compounds were 
able to decrease caries activity, in spite of the 
fact that in the present study the substances 
were used in amounts four times higher than 
those used in the first experiment. Further- 
more, although most of tlic quinone deriva- 
tives used in the previous! 2) and present 
studies have shown to inhibit considerably 
acid formation (6- 10) and to have antibac- 

0. Fosdick, L. s.. F.-inclifr, O. K., anil Calniulra. 
J. C., Science, 1042, vOO, 45. 

7. Ariuslrong, tV, ])., anil Knutson, ,1. V*., Vr.o< , 
Soc. Exf. Btoi,. .vNi) Med.. 1043. v.'2, snr. 

S. F.aiK4icr, 0. E., Calaiulra, .1. C, ami FosiliH:, 

L. S.. J. J). lic.t.. 1044. vO.-!. 2.4. 

9. C.alaiidra, ,1. C.. Fanrlirr. 0. K.. .ami Fo.sdk-f;, 

L. S., .7. IK 1044, v2.'!. 41. 
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terial effects (3-4) in vitro, none of them de- 
creased caries activity. Likewise, except di- 
chloronaphthoquinone, all the other sub- 
stances used in both experiments are readily 
soluble in water, while methylnaphthoquinone 
is verj' slightly soluble, iloreover, of the 
compounds tested in the present experiment 
methylnaphthohydroquinone disuccinate de- 
serves special mentioning; it is easily soluble 
in water, inhibits markedly acid production, 
and has a definite antibacterial effect. (4) 
However, in spite of these properties it did 
not decrease at all the incidence or extent of 
carious lesions. 

j\ssuming that the quinones tested should 
have had in vivo the same action as they 
showed in vitro, the results of the present 
studies might be interpreted in various ways. 
1. Presuming that the initial lesion in dental 
caries is primarily due to disintegration of the 
mineral part of the enamel by adds produced 
by bacteria in the dental plaque, it could be 
said that the quinone derivatives tested did 
not decrease caries activity because they were 
unable to penetrate the dental plaque, and 
there e.xert their inhibitoiy action on acid for- 
mation. However, there have been made onl\' 
a few studies on the degree of, and factors 
influencing the penetration of acid-formation 
inhibiting compounds into the dental plaque 
in vivo. Muntz and Miller(ll) have studied 
the inhibition b\' certain compounds of the 
bacterial metabolism of intact dental plaques 
and of homogenized plaque material, as well 
as the degree of permeability of the plaques to 
various substances. They found that the 
metabolic activity of the intact plaque is in- 
hibited more slowly than that of an equivalent 
quantity of homogenized plaque material, and 
that certain verj- diffusible substances such as 
urea and glucose penetrated intact plaques 
slowly. On the other hand, in a previous 
study on the effect of dietary lactic acid on 
dental caries activity (given in the food or 
in the water) we(12) found clear signs of 

10. FosdicR, L. S., and Calandra, J. C.. J. D. 
lies.. 1947, v2G, 309. 

11. Muntz, J. A., and Miller, B. F., J. O. JSes., 
1943, v22, 73. 

12. Granados, H., Glavind, J., and Dam, H., 
.7. D. Vcs.. 1949, v28, 2S2. 


acid action, combined or not with caries, at 
the veri- bottom of the occlusal fossae. This 
showed that the dietari- lactic acid at the 
concentration given had actually penetrated 
the intact dental plaques. These facts indi- 
cate the complexity of the problem and the 
need for more fundamental research on the 
ability to penetrate the intact dental plaque 
of various substances known to influence the 
development and/or progress of caries. 

2. Another factor which should be consid- 
ered is that the acid-formation inhibiting 
power of the quinone derivatives used may 
have been annulled b\' the action of some 
other substances, either of dietarj’^ or systemic 
origin. A 3rd possibility is that the quinone 
compounds at the levels given, both in the 
present and in the preceding experiments, (2) 
may not have encountered in the oral environ- 
ment sufficient 'water available for their dis- 
solution and subsequent action. A 4th pos- 
sibility is that the quinone derivatives which 
inhibited acid production in vitro may have 
also, at the concentrations given, inhibited 
acid production in the mouth, inside and out- 
side the dental plaque. In such a case, since 
there was no decrease of caries acti^ty in any 
of the groups which were given quinone com- 
pounds, this would mean that acid formation 
should not play any primarx- role in the de- 
velopment of dental caries since its inhibition 
would not decrease the incidence of the dis- 
ease. However, none of the foregoing consid- 
erations goes be 3 mnd the field of speculation 
since most of the fundamental processes re- 
lated to dental caries which take place in the 
organism, inside and outside the oral cavitj', 
have not j'et been adequatel}' and sufficienth' 
studied, and therefore the\- are not as j'et well 
understood. 

Thus, the x'arious studies (6-10) ui vitro 
carried out so far, using saliva-glucose mix- 
tures, have demonstrated bej'ond doubt the 
acid-formation inhibiting action of a good 
number of quinone derivatives, with and xvith- 
out vitamin K activity. The first part of the 
present studies has shown once more such an 
inhibitor}' power of certain quinone com- 
pounds. Furthermore, the antibiotic effects 
of various quinone derivatives on a good 
number of bacteria permanent!}' found in the 
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oral cavity have also been demonstrated. 
(3,4,13,14) On the other hand, the few 
clinical studies on the effect of 2-methyl-l,4- 
naphthaquinone incorporated into chewing 
gum, on caries activity have been contradic- 
tory since the decrease in incidence of new 
carious lesions reported by Burrill and co- 
workers(15) could not be substantiated by 
the U. S. Professional Service Schools.(I6) 
jMoreover, the previous experimental investi- 
gations carried out in rats(17) and ham- 
sters,(2) as well as the present studies, on the 
effect of quinone derivatives with and without 
vitamin K activity, in the control of dental 
caries have all been negative. Therefore, an 
impartial analysis of the results obtained in 
clinical and experimental studies on this sub- 
ject, demonstrate that vitamin K active com- 
pounds or other quinone derivatives do not 
show any promise of controlling caries, and 
therefore the use of these compounds as a 
control measure against human dental caries 
should be discouraged. Certain previous sug- 
gestions on the possible beneficial effect of 

13. Aloalay, \V., SV/iim'r. /C. /. Path, uiitf 
1947, vlO, 229. 

14. Ivavanngh, F., J. Bavt., 1947, v."4. 7(U. 

15. Burrili, B. Y., Calaiitlm, .1. C'., Tilclpii, E. B., 
.171(1 Fosrlicl;, L. S., 3. D. Ilex., 1945, v24, 273. 

16. Professional Service Sciiools, Itertical De- 


vitamin K in the control of cariesflS) were 
the product of theoretical considerations 
which have not been substantiated by actual 
experiments. 

Summary. Further studies on the effect of 
different quinone derivatives with varying 
degrees of acid-formation inhibiting power, 
as determined in vitro, and with or without 
vitamin K activity, on dental caries activity 
were carried out in hamsters. In these stud- 
ies the following quinone derivatives were 
tested: Dicalcium salt of methylnaphtho- 
hydroquinone diphosphate, methylnaphtho- 
hydroquinone disuccinate, anthraquinone sul- 
phonic acid, and dichloronaphthoquinone. 
The compounds were used in higher amounts 
than those used in the previous experiment. 

The results showed that none of the qui- 
none derivatives tested exerted beneficial 
effect against dental caries activity, as com- 
pared with the control group. Thus the 
present e.xperiment confirms the negative 
findings of previous studies, clinical as well 
as e.xperimental, on this subject, and indi- 
cates that the use of vitamin K active com- 
pounds or other quinone derivatives as a 
control measure against human dental caries 
should be discouraged. Furthermore, some 
other implications of these studies have been 
discussed. 


p.irlment, Wasliiiigtoii, D.C.. U.S.A.. Bull. V. S. 
Ariiiy Med. Dept., 1940, v5, 205. 

17. Hatton, E. II., Dodds, A.. Ilodgo, H. 0., and 


IS. Fosdick, L. S., ,t. li. Pfx.. 1948, v27. 23,1. 
Rewivvd Yovcmtiei' II. 1949. l'..S.E.B.M., 1949, v72. 


Fosdiek, L. S., 3. D. Hex., 194,7, t24, 2.S3. 


The Treatment of Trichomonas vaginalis Vaginitis with Aureomycin. 

( 17538 ) 

Leom V. iMc\'AY, Raymond L. Laird, James B. Flanagan and Douglas H. .Sprunt 

From the Dh'isinits oj Medicine, Preventive Medieine, and Patlwlogy and Baeteriolofty. I'nivcrsily 
oj Tennessee Collese oj .Medicine, and The John Gaston Hospital, .Memphis. 


Since we(l) had been successful in treating 
amebiasis witli aureomycin it tvas thought 
possible that this antibiotic might be useful 
in other parasitic infestations. It was recalled 
that many amebicida l preparations are effee- 

P. II., Sridicr, 1949, vlOO, o90. 


live against T. vaginalis. Subsequent in vilra 
studies revealed that aureomr'cin is likewise 
trichomonicidal. Therefore, it was decided 
to investigate the action of the local applica- 
tion of .uireomycin into the lower female ecni- 
tal tmet in T. vaginalis vaginitis. .X powder 
for vaginal in.sufflation was prep.nre(i by addins 
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aureomydn hydrochloride to powdered talc 
(U.S.P. ilerck). The first 6 patients were 
treated with talc alone. In each of these cases 
the vagina was insufflated with 2 g of powdered 
talc on 2 consecutive days and again on the 
fourth day. At the end of this period the 
vaginal secretions were negative for T. vagin- 
alis in all 6 cases. Three days following cessa- 
tion of therapy, the vagina contained T. vagin- 
alis in 5 of the 6 cases. In the sixth patient 
vaginal secretions did not become positive until 
the eighth day. The^leukorrhea and vaginal 
inflammation had persisted. 

Aureomycin in dosages of 2 grams a day for 
7 days by mouth has been ineffective in the 
treatment of this condition. Through the co- 
operation of the INIedical, Gynecological, and 
Obstetrical Ser\’ices of the John Gaston Hos- 
pital 54 case of T. vaginalis vaginitis were ob- 
tained for treatment. Twelve of these patients 
were pregnant and were referred for treatment 
by the Obstetrical Service. The diagnosis in 
each case was established by the demonstra- 
tion of the organism microscopically in the 
wet-mount preparation. 

The preparation for each vaginal insuffla- 
tion consisted of 500 mg of aureomycin and 2 
g of powdered talc. A Holmes insufflator 
equipped witli a rubber cuff and detachable 
end-piece was emplo 3 'ed . The preparation was 
sprai'ed evenh^ over the cervix, vagina, in- 
troitus and vulva. Following each treatment 
patients were instructed to wear a vulvar pad 
until the next treatment and to refrain from 
douches or intercourse. 

ThirU'-one si'mptomatic non-pregnant pa- 
tients and 11 asN'mptomatic non-pregnant pa- 
tients were insufflated as described above on 
the first, second, fourth, and sixth da%'S of 
therapy. Following this the patient was in- 
structed to insert one 250 mg gelatin capsule 
of aureomycin everj- other night deep into the 
vagina for 2 weeks. Twelve symptomatic 
pregnant patients were similarly insufflated on 
the first, second, third, fourth, sixth, and 
eighth days of treatment. Subsequently a 250 


mg capsule of aureomycin was inserted each 
night for 2 weeks. Of the 31 symptomatic, non- 
pregnant cases there ivas objective evidence 
of relapse or reinfection but no return of symp- 
toms in 3 cases. These 3 patients were sub- 
sequently retreated successfull 3 ^ There were 
no recurrences among the 11 asimiptomatic 
non-pregnant women treated. The rapid sub- 
jective and objective improvement of the preg- 
nant cases was most gratifying. These pa- 
tients were treated more vigorouslj’ than the 
others since it is ivell established that the 
disease is much more stubborn to an\' form of 
therap\' during pregnancy. Three of the 12 
pregnant cases showed evidence of reinfection 
or relapse following therapj', but in only one 
was there a return of simiptoms. This last 
patient was extremely resistant to treatment 
and responded only after 3 courses of therapy. 
All of the 54 patients have been followed at 
biweekly inter\’als for 2 to 3 months since stop- 
ping treatment. 

No significant toxic reactions to intravaginal 
aureomycin were noted. In 9 of 54 cases 
mild discomfort, as pruritus, burning or mild 
intravaginal pain was e.xperienced. This usu- 
ally occurred after the first or second applica- 
tion of aureomj'cin and could not always be 
definiteh' attributed to the drug. There was 
no demonstrable adverse effect on pregnancy'. 
It is noteworthy- that no objective evidence of 
local tissue reaction to aureomycin could be 
demonstrated on physical examination. !More- 
over, there is no need for concern over any" 
cumulative effects of aureomy"cin as contrasted 
to the arsenicals since the small quantities of 
the drug absorbed from the vagina are rapidly- 
excreted in the urine and bile. Blood levels 
of aureomy-cin (done in only" 2 cases) 3 hours 
after vaginal insufflation of 500 mg in talc 
were in the neighborhood of 0.12 /ig per cc of 
blood. Twelve of the cases in this series have 
been followed by" approximately- 6 months. 
In only 2 have trichomonads reappeared. 

Received Deeemljer 3.3, inW. P.S.K.R.M., 1940, v72. 
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oral cavity have also been demonstrated. 
(3,4,13,14) On the other hand, the few- 
clinical studies on the effect of 2-methyl-l,4- 
naphthaquinone incorporated into chewing 
gum, on caries activity have been contradic- 
tory since the decrease in incidence of new- 
carious lesions reported by Burrill and co- 
workers(15) could not be substantiated by 
the U. S. Professional Service Schools.flb) 
IMoreover, the .previous experimental investi- 
gations carried out in rats(17) and ham- 
sters, (2) as well as the present studies, on the 
effect of quinone derivatives -^vilh and without 
vitamin K activity, in the control of dental 
caries have all been negative. Therefore, an 
impartial analysis of the results obtained in 
clinical and e.xperimental studies on this sub- 
ject, demonstrate that vitamin K active com- 
pounds or other quinone derivatives do not 
show any promise of controlling caries, and 
therefore the use of these compounds as a 
control measure against human dental caries 
should be discouraged. Certain previous sug- 
gestions on the possible beneficial efiect of 

13. AU'uln.v, W., Seined:. Z. /. Pnlh. mill I5iif;(., 
1047, vlO, 200. 

14. Kavan.igli, F., •!. Bart., 1047, v54, 761. 

13. Burrill. D. X.. Calsindvii, J. C.. Tiklcn, E. B.. 
nud Fosdicit, L. S., J. D. 1045, v04, 273. 

16. Prnfcs.sioii.nl Service Scliools, Jtcdic.'il I>c- 
p.irfmciit, 'W.nsliingtou, B.C., X’.S..\„ Bull. 1’. S. 
Armj- Jlod. Dept., 1046, v3. Olio. 

17, Ilattou, E. II., Dodds. A.. Ilodgc, 11. C., .nul 
Posdielv, L. S., ,7. 1). Bcs.. 1043, v24, 2S3. 


vitamin K in the control of caries(lS) were 
the product of theoretical considerations 
which have not been substantiated bv actual 
e.xperiments. 

Summary. Further studies on the efiect oi 
different quinone derivatives with varying 
degrees of acid-formation inhibiting power, 
as determined in vitro, and with or without 
vitamin K activity, on dental caries activity 
were carried out in hamsters. In these stud- 
ies the following quinone derivatives were 
tested: Dicalcium salt of methylnaphtho- 
hydroquinone diphosphate, melhylnaphtho- 
hydroquinone disuccinate, anthraquinone sul- 
phonic acid, and didiloronaphthoquinone. 
The compounds were used in higher amounts 
than those used in the previous e.vp8riment. 

The results showed that none of the qui- 
none derivatives tested exerted beneficial 
efiect against dental caries activity, as com- 
pared with the control group. Thus the 
present experiment confirms the negative 
findings of previous studies, clinical as well 
as e.\-perimental, on this subject, and indi- 
cates that the use of vitamin K active com- 
pounds or other quinone derivatives as a 
control measure against human dental dries 
should be discouraged. Furtliermore, some 
other implications of these studies have been 
discussed. 

~S. Posdii'k. L. .1, T>. Ben.. IDiS, v27. 235. 
Kovvived Xovcmljer II, 1946, P.S.E.B.M., 1949, v72. 


The Treatment of Tric/ioinonns vaginalis ^''aginitis with Aureoniycin. 

( 17538 ) 

Leon V. iVIclAv, Raymo.nd L. Laird, James B. Flanagan and Pougl.xs H. Sprunt 


From the Divisiam oi lledie'me, Prrvenlk'C Hedicine, and Pathology and BaetcrioIoKy, f nh-rmly 
pj Tcmicsscc College of Medieinc, and The John Ga.ilon Hospital, Hemphis. 


Since we(l) had been successful in treating 
amebiasis xvitli aureomycin it w as thought 
possible that this antibiotic might be useful 
in other parasitic infestations. It was recalled 
that man}' amebicidai preparations are effec- 

Spra.it, 

D. n., Seiaiee. 1949, vl09, 590. 


live against T. vaginalis. Subsequent in vilro 
studies revealed that aureomi'cin is likewise 
trichomonicidal. Therefore, it was decided 
to investigate the action of the local applica- 
tion of aureomycin into the lower female geni- 
tal tract in T. vaginalis vaginitis. .A powder 
for vaginal insuftlation w.as prepared by adding 
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TABLE I. 

Effect of Purified Anterior Pituitary Grorirtli Hormone on Tumor Groivth. 

■SVt (in g) at autopsy. 

Sarcoma 37 ' Mammary adenocarcinoma 


Controls 

Honuone-treated 

Controls 

Hormone-treated 

3.45 

0.5G 

1.CS 

2.14 

2.29 

0.91 

2.37 

2.55 

2.95 

1.60 

2.30 

1.90 

3.02 

0.22 

1.SS 

2.25 

1.69 

1.29 

2.03 

1.55 

1.75 

1.10 

1.15 

1.70 

2.27 

0.55 

1.76 

2.9S 

2.90 

1.32 

1.30 

1.30 

1.53 

2.40 

1.10 

0.70 

1.S9 

1.07 

2.42 

2.42 

2.13 

2.01 

1.60 

1.35 

o 40 

1.00 

1.28 

0.95 

1.71 

2.58 

1.5S 

1.41 

0.29 

1.37 

1.20 

0.45 

i!i5 

1.75 

0.47 

1.25 

1.G4 

3.57 

1.36 

1.37 

’0.41 

2.01 

1.55 

1.40 

1.5S 

1.95 

1.43 

0.65 

2.14 

2.67 

1.23 

2.00 

2.S3 

2.17 

0.80 

1.10 

1.57 

1.20 

0.63 

1.20 

1.06 

2.14 

1.15 

1.74 

0.76 

1.74 

0.77 

0.70 

0.911 

1.25 

0.72 

1.10 

0.73 

1.92 

LOS 

2.01 

1.48 

0.94 

0.13 

0.60 

1.2S 

1.25 

0.49 

0.55 

0.SS 

2.02 

1.69 

1.39 

1.12 

1.70 

0.12 

1.40 

0.87 

0.75 

1.03 

0.70 

1.7 

9 -i_ 

_ 

0.15* 

1.7 

0 ± 

0.13 

1.35 

i 0. 

12 

1.19 

0. 

095 


* Mean values standard error. 


(•■Armour). The mice receiving grorslh hor- 
mone showed a marked increase in weight 
during the first week of therapy. After iis 
time, when the tumors were becoming ne- 
crotic, all groups suft'ered weight losses. 

The animals were killed by decapitation; 
the tumor was peeled away from the sub- 
oitaneous connective tissue of the host, the 
interior exposed, and all visible necrotic 
material removed. The weights of the tumors 
are recorded in Table I. 

It can be seen that the purified growth 
hormone did not show any appreciable eft'ect, 
stimulatory' or inhibitory, on the transplant- 


able tumors used. Histological studies, which 
were kindly performed by Dr. E. Lowenhaupt 
of the Department of Patholog}'. revealed that 
tumors of all groups of animals, hormone- 
treated and controls, were of essentially simi- 
lar appearance as regards relative proportions 
of necrotic tissue, numbers of mitotic figures 
and cell appearance. 

Conclusion. Purified growth hormone does 
not influence the growth of sarcoma 37 and 
the mammaiyf adenocarcinoma in “A" strain 
mice. 

Seceived November 29, 1949. 1949. v72. 


Activation of Purified Prothrombin.* (17540) 


W.AI.TER H. SeEGEES 

From the Department oS Physiology and Pharmacology, Tl'aynf University College oi 
Medicine, Detroit, Mich. 


The activation of prothrombin has probably 
been discussed more extensively than anv' other 
problem in blood coagulation. It is an im- 
portant process and exceedingly complex in 
nature. Calcium, thromboplastin, Ac-globulin 
and platelet derivatives participate in this vital 
function; and although it is not exactly clear 
how the activators work, it is apparent that 
they may be divided into two main classes; 
namely, those with thromboplastin activitj' in 
the traditional sense and those with accelerator 


or thromboplastin co-factor actimty. Either 
class alone is a poor activator of purified pro- 
thrombin, but together they cause rapid con- 
version. To understand more exacth- what 
forces these substances bring to bear on pro- 
thrombin it is essential that they be obtained 
in purified form and in sufficient quantity for 
study. This still needs to be accomplished, 
but in the meantime it may be possible to 
obtain indirect information concerning the 
mechanism of their action. For example, this 
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Effect of Purified Growth Hormone on Tumor Growth/ (17539) 

Martin P. Schulman and David M. Greenberg 
From the Division of Biochemistry, University of California Medical School, Berkeley. 


Alterations of hormonal processes have been 
suspected as being involved etiologically in 
neoplastic diseases. Several early experi- 
ments (1,2) indicate that anterior pituitarj' 
extracts stimulated the growth of inoculated 
tumors, while conflicting findings exist regard- 
ing the therapeutic success of similar extracts 
in inoperable cancer patients. (3,4) Stern(S) 
believ'es that "the anterior pituitary secretes 
twm groups of hormones which are antagonis- 
tic as to their effect on tumor growth.” Ex- 
tracts containing the growth hormone princi- 
ple are thought to stimulate neoplastic 
growth (6,7) while gonadotropic factors seem 
to inhibit tumor growth. (8,9) These diver- 
gent views may be attributed to differences in 
the experimental tumor and species of animal 
employed, as well as to the variable nature of 
the endocrine preparation used. This study 
w’as prompted by the recent availability of 
purified growth hormone (Armour!) in re- 
sponse to a new method of preparation, (10) 
and was undertaken to determine whether 
tumor growth could be influenced by the hor- 
mone. The activation of normal growth 

* Aided by a grant from tlie National Cancer 
Institute, U. S. Public Health Sen ice. 

1. Engel, D., Z. f. Krehsf orach., 1923, \'19, 339. 

2. Moppett, W., Med. J. Australia, 1937, v2-l, 
1065. 

3. Norgate, K. H., Brit. Med. J., 1920, v2, 280. 

4. Vanyseh, E., Cosop. Ick. cesh., 1936, 1321, 
abstr. Z. f. Krehsforsch., 1937, v45, 347. 

5. Stern, K., and Willlieiin, R., The Biochem- 
istry of Malignant Tumors, Brooklyn, Reference 
Press, 1943. 

6. Sugiura, K., and Benedict, S. R., Am. J. 
Cancer, 1933, vl8, 583. 

7. Bisehoff, F., and Long, 31. L., Am. J. Cancer, 
1937, t31, 07. 

8. Baudler, IJ-, Arch. f. Gyndh., 1935, vl59, 101. 

9 Engel, P., Z. f. Krchsforsch., 1933, v41, 480. 

i We are grateful to Dr. I. M. Bunding and 

Armour and Company for supplying the growth 

‘‘“rWilhelmi, A. E., Pishman, J. B., and Russell. 
J. A., J. Bw!- Chem., 1948, t17C, 73o. 


under the influence of the anterior h 3 ’po- 
physeal hormone is well-known.(ll,12) 

Inbred “A” strain mice of both sexes were 
used. The animals weighed between 18 and 
24 g, and were 2 to 3 months old. The mice 
received a diet of commercial pellets (Purina 
Lab Chow), weeldy supplements of fresh let- 
tuce, and were permitted access to food and 
water at all times. Tumors were transplanted 
by the trocar method, each animal receiving 
a fragment of neoplastic tissue in the right 
inguinal region. Sarcoma 37 and the familiar 
mammary adenocarcinoma were the test tu- 
mors. The latter tissue was not as satisfac- 
toiy as the sarcoma, since there was the 
occurrence of late visceral metastases,(13) a 
tendency towards the formation of cysts con- 
taining white stringy material, and an earlier 
onset of visible necrosis than in the trans- 
plantable sarcoma. 

Six days after tumor transplantation, tlie 
hormone therapy began. The animals in- 
cluded for the e.xperiment had tumors of the 
following dimensions, 3.5 d: 1.5 mm X 3.0 
d: 1.0 mm X Z.5 d: 0.5 mm. For the first 
two days, the daily' dose was 0.1 mg growth 
hormone* in 0.2 ml distilled water (pH ad- 
justed to 7.4 with sodium bicarbonate); from 
the third to the tenth day, the daily dose was 
0.2 mg; the dose was increased to 0.5 mg on 
the eleventh day and continued at this level 
for 4 more days at which time the experiment 
was terminated. Throughout the experi- 
ment, the controls received corresponding 
amounts of crystalline bovine plasma albumin 

11. Evans, H. M., auf! Simpson, M. E., Am. J. 
Fhysiol., 1931, v98, 511. 

12. Proud, J., Levie, L. H., and Kroom, D. B., 

J. Endocrinol., 1939, vl, 50. 

13. Lawreuce, J. H., Horn, R., and Strong, L. C., 
rale J. Biol, and Med., 1937, vlO, 145. 

} A preliminary assay on platcaued female 
Long-Evnns rats '(about 200 g) showed that as 
little as 0.5 mg of the hormone caused a not 
increase of 10 g in weight over the controls in a 
24-hour period. 
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Xo attempt was made to have the concentra- 
tion of the sulfones equal on a molecular 
weight basis. 

Prothrombin Activation. Powdered sodium 
citrate was added to an aqueous solution of 
prothrombin so that the concentration of so- 
dium citrate was 25% and the concentration 
of prothrombin was about 1.5%. Then the 
crj-stalline sulfone was added in sufficient 
quantity so that crystals could be seen sus- 
pended in the prothrombin solution. The mi-v- 
ture was allowed to stand at room temperature, 
and samples were taken for thrombin anah'ses. 
The results presented in Fig. 1 were obtained 
with the same prothrombin preparation and, 
were obtained simultaneously so as to obtain 
the best possible comparable results with the 
\-arious sulfones. 

Results. With the 25% sodium citrate 
solution prothrombin acti%'ation was slow dur- 
ing the first 5 hours. After this induction 
period activation was rapid, and within a daj' 
the maximum j-ield of thrombin was obtained. 
This was, however, only 67% of the potential 
thrombin which could be obtained from the 
prothrombin with the use of calcium, throm- 
boplastin and Ac-globulin. The thrombin titer 
was followed for 3 more days and showed a 
progressive decline similar to that commonly 
encountered with thrombin solutions which 
are not stabilized with -glycerol or carboh 3 '- 
drates.fO) B\" adding 3, 4, 4'-triaminodi- 
phemd sulfone, or 2-h\'drox3’-4, 4'-diaminodi- 
phenv'l sulfone to the prothrom.bin in 25% 
sodium citrate solution the induction period 
w'as prolonged to more than a da\' and even 
thereafter onlj- small amounts of thrombin 
formed so that in 5 da 3 -s the thrombin 3 ield 
was less than 25%. These compounds can 
thus be considered powerful inhibitors of pro- 
thrombin activation under the conditions of 
the e.xperiment. 

It is also possible to obtain the opposite 
effect; nameh', an acceleration of prothrom- 
bin activation. The most interesting com- 
pound studied was 3-chloro-4, 4'-diaminodi- 
phenyl sulfone. It prolonged the induction 
period about 2 hours. Then thrombin forma- 
tion was far more rapid than with the citrate 

n. SccRprs, W. H., .Ircli. Binchcm., 1944, v3. 303. 


control and the final 3 -ield was almost 100% 
as compared with 67% for the control. The 
deterioration of the thrombin solution was at 
a rate typical of other thrombin solutions. 
Several other compounds were also found 
to be accelerators. Two of these, 4, 4'-diamin- 
odiphen 3 d sulfoxide and 3-sulfonamide-4, 
4'-diaminodiphen3i sulfone doubled the induc- 
tion period but once thrombin began to form 
it continued until a high yield was obtained 
on the third day. Two others. 2, 4. 4'-tri- 
aminodiphenyl sulfone, and 4, 4'-diaminodi- 
phenyl sulfone prolonged the induction period 
to one day. The thrombin titer then rose ver 3 " 
slowi 3 ' so that a 67% 3 ield was obtained on 
about the fourth day. 

Discussion. There are two practical bene- 
fits which can be derived from these e.xperi- 
ments. ( 1 ) The preparation of thrombin from 
prothrombin is simplified. By adding 3- 
chloro-4, 4'-diaminodiphenyl sulfone to puri- 
fied prothrombin in 25% sodium citrate the 
3 deld is increased to a maximum. There is 
thus no loss of an e.xpensive prothrombin 
product, or remnants of proenzyme with the 
desired thrombin. (2) The preparation of pro- 
thrombin is simplified. In the purification 
procedures it has been difficult to eliminate 
thrombin from the final product. Failure to 
do so causes the prothrombin to be altered b 3 ' 
the small amounts of thrombin.(7) This 
hazard can now be eliminated, for the am- 
monium sulfate used for fractionation work, 
like sodium citrate, causes slow activation of 
prothrombin, and this effect of ammonium sul- 
fate can be blocked b 3 ' adding small amounts 
of 3, 4, 4'-trianiinodiphen3-l sulfone to the 
ammonium sulfate solutions used in the frac- 
tionation procedures. 

It has been discussed repeatedh' that throm- 
boplastin and Ac-globulin together activate 
prothrombin more rapidh' and give a higher 
3 'ield of thrombin than when the former is not 
supplemented with Ac-globulin. This general 
observation also applies to these artificial ac- 
tivators. Sodium citrate alone, like thrombo- 
plastin, acts slowl 3 ' and the 3 'ield of thrombin 
is incomplete, but sodium citrate with 3- 

Ware, A. G.. Guest, M. M., and Seegers, 
W. H., Am. J. Plqmol.. 1947, vl.Sn, 5S. 
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Pig. 1. 

Activation of purified protfirombin in 25% sodium citrate solution, and 
of tiie same irrotbrombin in 25% sodium citrate solution togetlier witb a 
saturated solution of tlie organic compound indicated for cacli curve. Tiie 
concentration of protbrombiu was 18,000 units per cc. 


paper describes prothrombin activation experi- 
ments in which sodium citrate, an organic 
compound of known structure, is the acti- 
vating agent. This activation can be either 
bfocked or synergized by certain diphenyl 
sulfones whose structure is also known. It 
should be possible to elucidate the nature of 
■the forces required for prothrombin conversion 
by studying the action of these relatively 
simple compounds as activators and inhibitors, 
and thus by analogy formulate vien-points 
concerning the more complex physiological 
activators. The work to be described is suf- 
ficiently promising to justif}' a hopeful outlook 
for the new attack on the problem of throm- 
bin formation. 

Experimental. Thrombin .Analysis. Quanti- 
tative measurement of thrombin ftjvity was 
done by the method of Seegers and Smith.(l) 

Prothrombin. Purified prothrombin was ob- 
tained from bovine plasma by methods pre- 


l. Seegers, W. H.,_aHd Smitb, H. P., J- 

f S:gei':’t^'?H., Lomuis, E. C Vuuden- 

j, yl, Arch. Biochem., 194o, '•C, So. 


viously described. (2,3) Only high quality 
material was used. Generally the specific ac- 
tivity was 1200 units per milligram dry weight 
or more. It was free of Ac-globulin activity 
and contained no thrombin. On electrophore- 
sis such products have a main boundary pat- 
tern comprising about 90% of the total. Quan- 
titative determination of activity was by the 
2-slage method. (4,5) 

Diphenyl Sulfones. These were all synthe- 
sized in the laboratory and it is e.xpected that 
the metliod of synthesis will be described in 
detail elsewhere. I wish to thank Leonard 
Doub for placing these compounds at my dis- 
posal. The crystalline compounds were added 
to the prothrombin dissolved in 25% sodium 
citrate solution. All are sparingly soluble and 
it required only a few milligrams to give a 
saturated solution with respect to the sulfone. 


. Ware, A. G., and Seegers, W. H-, TwI. 
•III., 1948, vl74, 5C5. 

Warner, E. 0., Briiikhous, K. M., and ■ nut i, 
P., Am. J. Physiol, 1930, vlH, 00‘- 
I, Ware, A. G., and Seegers, U. H., -• la- 
Path., 1949, vl9, 471. 
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TABLE I. 


oO'Tc Endpoints of Virns Titrations Done in: 


Exp. Xo. 

(a) lO-ll-day eggs 
allantoically 

(b) in 15-day 
“empty” eggs 

(c) difference 
in logs 

1 

10-V.4C 

10-10.00 

2.54 

2 

10-7.57 

10-0-0 

1.43 

3 

10-7.33 

10-S.o7 ^ 

1.24 

4 

10-7.ee 

lO-S-ri 

1.05 

Avg diff. 1.57 


scissors. The chorio-allantoic membrane 
which is firmly attached to the shell membrane 
is the only structure remaining in the egg. 
The internal surface of the membrane is now 
thoroughlj' washed with 3 changes of cold 
0.85% NaCl so as to remove any remaining 
yolk, albumen, and blood. After the egg is 
drained by placing it with the open end down 
on a sterile petri dish, it is filled with 10-40 cc 
of TjTode’s solution containing virus, and 10 
units of penicillin and 40 fig of streptomycin 
per cc. The opening is closed with a sterile 
rubber cap, such as is used for centrifuge 
tubes, which is lined and then sealed to the 
shell with hot parafiin. The eggs in suitable 
tray’^s are then put in a test tube roller which 
is kept in an incubator at 37° and makes six 
revolutions per hour. Fluid can be with- 
drawn from the eggs at desired inten'als by 
piercing the rubber cap with a sterile needle 
attached to a synange. 

It has also been found possible to infect 
eggs first allantoically in the regular way' and 
after the virus has been adsorbed to the mem- 
brane or as late as 48 hours after infection the 
contents of the egg are poured out. The in- 
terior is washed thoroughly and filled with 
Tyrode’s solution. After further incubation 
at 37° virus increase can be demonstrated. 

Results. Thus far, the PR8 strain of in- 
fluenza virus has been used in the experiments. 
Hemagglutination titers of 1280-2560 in a 
pattern test were regularly- obtained in the 
fluid after 24-hours’ incubation when a 10-20 
ml volume of 10'^ to 10-^ dilution of virus was 
used as inoculum. Under the same conditions 
a hemagglutination titer of 5120 is usually ob- 
tained with allantoic fluid of the complete egg 
infected with the PR8 strain. The specificity 
of the reaction is demonstrated by the inhibi- 
tion obtained witli specific serum against in- 


fluenza virus, Type A. It is obvious, therefore, 
that the chorioallantoic membrane produces 
virus under the described conditions in much 
the same amounts as in the intact egg. Several 
tests were done in which the sensitivity' of this 
method for detecting small amounts of \drus 
was compared with that of allantoic inocula- 
tion. Ten-fold dilutions of allantoic fluid in- 
fected with PR8 strain were prepared in 
Tyrode’s solution and inoculated in 0.1 ml 
amounts in 10-11 day old eggs allantoically 
and in 20 ml amounts in egg ca\'ities prepared 
•by the method described. Four eggs were used 
per \nrus dilution. The allantoic inoculations 



allantoic membrane. D. Tyrode’s solution. 
E. Bubber cap. 

4. Eeed, L. J., and Muencb, II., Am. J. Svg.y 
193S, v27, 493. 
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chloro-4, 4'-diaminodiphenyl sulfone, like 
thromboplastin mth Ac-globulin, activates 
prothrombin more rapidly and the yield of 
thrombin is increased. The similarity between 
the action of the artificial activators and the 
physiological ones would seem to be of more 
than coincidental significance, even though the 
time intervals involve hours in one instance 
and minutes in the other. 

Perhaps the most remarkable result of these 
experiments is the difference in action of 3, 4, 
4'-triaminodiphenyI sulfone and 3 -chloro-4, 4'- 
diaminodiphenyl sulfone. One has an amino 
group in the three position and the other a 
chlorine atom. One is an inhibitor and the 
other an accelerator. Thus, for one set of 
conditions, the difference between a “coagu- 
lant" and an “anticoagulant” has been re- 
duced to a locus on the benzene ring where 


placement of an amino group produces one 
effect and a chlorine atom the opposite. This 
subtle detail is easily brought into focus, and 
perhaps it is here where we can hope to see, 
for the first time, what forces phj^siological 
anticoagulants and coagulants bring to bear 
on prothrombin. 

Summary. Purified prothrombin can be ac- 
tivated by dissolving it in a 25 per cent solu- 
tion of sodium citrate, but the yield of throm- 
bin is usually low. By adding a small amount 
of 3-chloro-4, 4'-diaminodiphen}d sulfone to 
the activation mixture the yield of thrombin 
is increased to the maximum. Several other 
diphenyl sulfones also increase the yield. In 
contrast, 3, 4, 4'-triaminodiphenj’l sulfone and 
2-hydrox3f-4, 4'-diaminodiphen\’'l sulfone act 
as inhibitors of the activation process. 

Received November .0, 1040. P.S.E.B.it., 1040, v72. 


Cultivation of Influenza Virus in the Chorio-Allantoic Membrane of 
Deenibryonated Eggs.*" (17541) 

H. Bernkopf* (Introduced by Thomas Francis, Jr.) 

From the School of Public Health, University of Michigan, Ann Arbor, Mich. 


Fertilized chicken eggs have proved to be 
an excellent medium for the growth of many 
viruses and other pathogenic agents. A num- 
ber of viruses grow in the various tissues of 
the embryo and in the membranes enveloping 
it in an indiscriminate manner while others 
show specific affinities for certain structures in 
the egg. For a number of viruses, among 
them those of the influenza group, the chorio- 
allantoic membrane (1-3) is the main site of 
virus multiplication. Most other structures 

* Tliis investigation was conducted under the 
auspices of tlie Commission on Influenza, Armed 
Forces Epidemiological Board, Office of the Sur- 
geon General, V. S. Army, tVasIiington, D.C. 

i Aided by a fellotvship from the Dazian Foun- 
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O jTieg c., Wilson, D. E., and Crowley, J. H., 
Thvo. 1941, v34. Sect. B, 138. 

Z. Pearson, H. E., Bact., 1944, v48, 309. 


offer less favorable conditions. It seemed an 
obvious step, therefore, to use only tlie chorio- 
allantoic membrane in situ for virus growth 
and to eliminate the other constituents of the 
egg. For this purpose the following technic 
was found practicable. 

Methods. Eggs which have been incubated 
for 14-15 days are candled and the outline of 
the air-sac is marked. One-half centimeter 
above this line the egg shell is cut with an 
electric drill and the piece of shell is removed. 
The free-Ijdng shell membrane and the margin- 
al zone of the shell both on the inside and 
outride along this opening are covered with 
hot paraffin. The shell membrane together 
with the piece of underlying chorio-allantoic 
membrane is then cut away with a pair of 
curved scissors. By gently tilting and rotat- 
ing the egg the embryo and the j^olk sac are 
poured out and their connections with 
chorio-allantoic membrane are severed with 
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pre-existing renal damage. It was determined 
soon after their introduction that mercurial 
diuretics acted directlx' upon the kidney. 
(9-12) and there has been general agreement 
that diuresis results from depression of tubu- 
lar function. The localization of this action 
in the tubule has been studied more recently, 
but has not been completely clarified. There 
are some indications that the effect is pro- 
duced upon the pro.ximal tubule, (13,14) 
whereas some exddence indicates an effect 
upon the distal tubule.(I5) To further com- 
plicate matters, there is evidence for species 
differences in the effects of mercurial di- 
uretics. (13,16) 

Because it seemed probable that mercurial 
diuretics are potentially toxic substances 
which act by depressing tubular function, it 
seemed remarkable that such toxicity does not 
become clinicallj- evident in patients with the 
nephrotic syndrome, when mercurial diuretics 
are used. Here, in a situation which is ac- 
companied by tubular degeneration, it would 
^em reasonable to suppose that damaged 
tubule cells, seen as desquamated cells in the 
urinary sediment, would be more susceptible 
than normal cells to the toxic action of these 
compounds. Yet such patients often receive 
mercurial diuretics without ill effect, though 
often, in our clinical experience, without 
therapeutic effect. As a result of such ob- 
servations and reflection, we became inter- 
ested in studying the effect of proteinuria 
upon the toxic action of mercurial compounds. 

u. Govaorts, P., C. I/, .wc. (7c bio/., 192S, vUi), 047. 
10. E.artr!tm, E. A., J. Cfiii. Iiiicst., 1932, vll, 
1197. . 

U. Blunifrart, H. L., Gillig.an, D. It., Lcnw, B. C., 
llromi. 31 . G., and Volk, XI. C., Jrc/i. Intern, lied., 
lust, vol, 40. 

' 12. Walker, A. JI., .Selimidt, C. F., Elsom, K. A., 
o»<Uo!msftm, C. G., Am. J. Physiol., 1937, vllS, 95, 

13. Berliner, R. XV., Kennedv, T. J., Jr,, and 
I'lton, J. G., Am. J. Physiol., 1948, vlo4, 537. 

14. XXeston, R. E., Grossman, J., Edelman, I. S., 
-selicr, p. J. xx^, Lciter. L., and Heilman, L., Fed. 

^roc., 1949, rs, IGi. 

13. Uupgar, J. J., .and Pitfs, R. P., Fed. Froc., 
vS, 37. 

10. Handler, C. A., Telford, J., .and La Forge, 

11-. Pp.oc. Soc. Exp. Biol, axd XIed., 1949, v71, 
1S7. 
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were always performed first, .^fter 48 hours’ 
incubation at 37°C all fluids were tested for 
hemagglutinins. Table I shows the results of 
several experiments in which the 50% end- 
points of infectivity obtained M-ith the two 
methods were calculated by the method of 
Reed and jMuench.(4) It is seen that the 
titers of allantoic fluid as measured by allan- 
toic sac inoculation ivere always lower than 
those obtained with the prepared membrane 
alone. Since a much larger amount of fluid 
is introduced into the “empty” eggs, a cor- 
respondingly higher amount of virus is also 
inoculated. This may explain the greater 
sensitivity observed. Other e.xplanations seem 
possible. 

Discussio}!. The method may have various 
applications. It is possible to introduce 
larger amounts of fluid into the egg than by 
other metliods and this may be of advantage 
when virus isolation from throat washings are 


undertaken. The influence of fluids of dif- 
ferent composition on virus multiplication and 
the effect of inhibitors and accelerators of 
groAvth can easily be studied by this method 
which allows virus growth in a practically in- 
tact tissue. Moreover, the rate and charac- 
ter of growth of virus in the membrane ma}^ be 
more accurately studied. Such experiments 
are in progress. The method may have certain 
advantages for the production of vaccines as 
virus multiplication can be obtained in a 
medium of chosen composition, and the pres- 
ence of urates in the virus fluid is excluded. 

Summary. A method is described in which 
the chorioallantoic membrane of the egg in 
situ is used for the cultivation of influenza 
virus. The sensitivity of the method is dem- 
onstrated and various possibilities for its ap- 
plication are discussed. 

Bcecived November 29, 1949. P.S.E.B.5r., 1949, v72. 


Effect of Proteinuria on Toxicity of Mercurial Diuretics in the Rat. (17542) 

Richard IV. LippaiAN* 

From the Institute jor Medical Research, Cedars of Lebanon Hospital, Los .inscles, Ca’if. 


During the past 30 years, organic mer- 
curial compounds have been used widely for 
the purpose of inducing diuresis. Because of 
their apparently low clinical toxicity, mer- 
curial diuretics have been used with impunity 
in the presence of cardiac failure, and, even 
in the presence of impaired renal function, 
few clinicians have hesitated to administer 
them. Studies in animals(l-4) gave results 
which, while in some degree conflicting, 


“ This study was aided by grants from tlic 
Division of Ecseareli Grants and Fellowships. 
National Heart Institute, United States Public 
Health Service, and from the Columbia Found.v 
tion San Francisco. Jlcralluridc sodium was 
provided bv the Laheside Laboratories, Milwaukee, 
^is. Concentrated, salt-poor, human albumin was 
supplied bv the American Bed Cross. 

T johns'tone, B., and Keith, H. M., Arch. Intern. 

a M.! mid Jolmstone, B., Arch. Intern. 
Med., 1929, v44, 43S. 


nevertheless indicated that the agents could 
produce transient or permanent renal damage 
in doses which were comparable to those 
recommended for use in man. IVhen clinical 
application of the mercurial diuretics was 
begun, it soon became evident that, although 
there was some indication of renal irrita- 
tion, (4-6) the clinical toxicity was negligi- 
ble, (7,8) at least in the absence of severe, 

3. Jloller, K. 0., Arch. f. rjp. Filth, ii. Pharma- 
kol., 1930, vl48, 50, 67, and SI. 

4. Brown, C. L., and Englebach, F., Medical 
Papers Dedicated to Henri} A. Christian, Feb., 
1936. 

5. Barber, 51. H., and O’Haro, J. P., A. Am. 
Med. Assn., 1928, v91, 2000. 

6. Sprague, H. B., and Graybiel, A., A'rrr Pni}. 
J. Med., 1931, v204, 154. 

7. Tarr, L., and Jacobson, S., .Ireh. Intern. Med., 
1932, v50, 158. 

8. Ecrglund, H., and Sundh, E., Acta Med. 
Seaiid., 1935, vSO, 216. 
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animals died from the fourth to the sixth day 
after injection. At the end of a week, the 
survivors were severely ill, emaciated, and 
h\perirritable when disturbed. In this group 
the kidneys were greatly enlarged, with e.x- 
tremely pale granular surfaces. On sagittal 
section, the cortex was ver\- pale and striated, 
while the medulla appeared to be relatively 
well preserved and of almost normal color. 
On microscopic e.xamination, the tubular 
structure was disrupted, with appearance of 
severe toxic nephrosis in an advanced healing 
stage. (Fig. 3, 4). In sharp contrast, the 
animals in Group 3a (albumin -p 1-95 mg 
Hg) appeared to be entirely normal until 



Fig. 3. 

_ wiflnevs, gross specimens. Left : Group 3, s.nline- 
injceted .animals, 7 days after mcralluride sodium 
(l.Po mg Hg). Rigid: Group 3a, albumin-in- 
jected .animals, same interval and same dose of 
iiier.annride sodium, injected after albumin in- 
.Ifttion No. III. Note difference in size and color 
ei kidners. 



q . Fig. 4. 

kidney, Group 3 : saline-injected ani- 
ji ' ^ays after meralluride sodium (1.95 mg 
1 , a necrotizing nephrosis ovith healing 
‘ iQ deposits of caicitie material. Hematoxrlin- 

^asui stain, 240 X. 



Fig. 5. 

Section of kidney. Group 3a; albnmin-injected 
animals, 7 d.ays after meralluride sodium (1.95 mg 
Hg), administered at time of albumin injection 
No. Ill, Note relatively intact tubular structure 
with mild tlianges of avute nephrosis. Hematos- 
yliii-eosin stain, 240X. 



Fig. 6. 

Section of kidney. Group 3b: albumin-injected 
animals. 7 days after meralluride sodium (1.95 mg 
Hg), administered at time of .albumin injection 
No. II. Note that degree of damage is relatively 
sliglit, similar to that in Fig. 5. Hematosylin- 
oosin stain, 240 X. 

killed. All sundved in good health and there 
was a slight gain in weight. At autopst', the 
kidneys were normal in size and appearance 
except for the slight pallor mentioned under 
Group 2a. Microscopically there was a verj' 
slight degree of tubular damage (Fig. S). In 
Group 3b (albumin + 1.95 mg Hg after 
inject. No. II) the animals were entirely com- 
parable to those in Group 3a, and the kidnex^s 
were virtually indistinguishable (Fig. 6). The 
animals in Group 3c (albumin -f 1. 95 mg Hg 
after inject. No. I) were the most severely 
affected of all. Onh' one animal sundved the 
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Methods and materials. This study was 
performed with 75 female rats, each weighing 
about ISO g. The organic mercurial diuretics 
studied were mersaljd-theophrdline and meral- 
luride sodium, hlersalyl-theophylline con- 
tains 39.6 mg Hg and 50 mg theoph 3 dline in 
1 ml. Meralluride sodium contains 39.0 mg 
Hg and 48 mg theophylline in 1 ml. In the 
dosages tabulated (Table I) theophylline was 
present in the above ratio to the dose of Hg. 
The animals each received three 16 ml intra- 
peritoneal injections, No. I at 9:30 A.M. and 
No. II at 4:30 P.M. on the first day, and 
No. Ill at 9:30 A.M. on the second day. For 
the control groups, the injection material was 
0.85% sodium chloride solution. For the ex- 
perimental animals, the injection material was 
6% human albumin in 0.85% sodium chloride 
solution. Immediatelj^ after the designated 
intraperitoneal injection (Table I), the mer- 
curial diuretic was administered intravenous- 
ly, diluted to give the proper dose with 0.85% 
sodium chloride solution. The animals were 
then left undisturbed upon stock diet either 
until death, or for the interval specified, at 
which time they were killed bj' ether anes- 
thetization and exsanguination from the ab- 
dominal aorta. The kidneys were removed 
promptly, except in the few animals that died 
during the night, decapsulated, sagittally sec- 
tioned, blotted, weighed, and dropped into 
10% formalin. After fixing, paraffin sections 
were made and stained with hematoxylin and 
eosin for microscopic examination. 

Results. The animals in Group 1 (saline 


-f 0.26 mg Hg) and la (albumin -f 0.26 mg 
Hg) appeared perfectly normal until killed. 
At° autopsy they also appeared perfectly nor- 
mal. There was no appreciable difference 
between the groups in kidney weight, e.xcept 
for the difference expected after albumin ad- 


ministration. The kidneys appeared normal 
in the gross, both externally and on sagittal 
section. In the microscopic sections there 
were minimal changes of acute nephrosis 
present in both groups. There was no con- 
vincing difference in the degree of nephrosis 
between the two groups. The animals m 
Group 2 (saline -f- 0.79 mg Hg) and 2a 
(albumin + 0.79 mg Hg) also appeared 
normal until killed. At autopsy, as m all the 
animals, there were no significant findin,,s 


outside of the kidneys. In Group 2 the kid- 
neys were somewhat smaller than normal, 
with slight pallor of the surface and the 
cortex. In Group 2a the kidnej^s were normal 
in size and the pallor was hardly evident, 
resembling the slight pallor that accompanies 
protein injections alone, in our previous ex- 
perience. Microscopically, the kidneys in 
Group 2 showed definite and pronounced 
tubular damage (Fig. 1), while those in 
Group 2a shmved slight damage of a much 
milder degree (Fig. 2). 

In the animals of Group 3 (saline -{- 1.95 
mg Hg), the findings were entirely different. 
These animals were obviously ill from the day 
of the mercurial injection and 4 of the 14 



Fig. 1. 

Section of kidnej’, Group 3: saline-injecteil 
animals, 1 day after mersalyl (0.79 mg Hg), 
showing acute necrotizing nephrosis. Hematoxylin- 
eosin stain, 2-10 X. 



Fig. 2. 

Section of kidney, Group 2,a: albmnm-injccted 
animals, 1 dav after mersalyl (0.70 mg: Hp), reia- 
tirely free of' tubular d.aniage. Ilcmatoxylin-eosin 
stain, 210 X. 
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pected relative innocuousness and therapeutic 
ineffectiveness of mercurial diuretics in pa- 
tients ^^■ith renal disease may be related to 
the presence of marked proteinuria. 

Addendum. After submission of this paper, 
we became aware of work done by Havill, 
Lichty, and ■\Yhipple,(21) showing that the 
tolerance of dogs for mercury bichloride was 
increased by frequent hemoglobin injections. 
It seems reasonable to assume that the mecha- 
nism of protection from the toxic action of 
the metallic ion was similar in this instance, 
since hemoglobin, like albumin, is reabsorbed 
by the proximal tubule cells until saturation 
of the reabsorptive capacity occurs, although 
Havill and his co-workers did not relate the 
protective effect to the occurrence of hemo- 
globinuria, which thej- did not measure, sug- 
gesting instead that the pigmented moiety of 
the hemoglobin molecule was responsible for 
the protection. 

21. Hnvill, tv. H., Lielity, .1. A., .Tr., and Y.'Iiip . 
plo, G. IL, J. Exit. ?.ral, 1932, voa, G27. 


Summary. Administration of human al- 
bumin to rats, with resultant proteinuria, prior 
to administration of mercurial diuretics, 
sharply reduces renal toxicity of the mer- 
curial. This effect is attributed to inhibition 
of mercurial reafasorption when the tubules 
are saturated with protein. 

Simultaneous administration of human al- 
bumin and the mercurial enhances to.xicity. 
This effect is attributed to the more rapid ab- 
sorption of mercurial, concomitant with more 
rapid reabsorption of protein during the tubu- 
lar loading phase. 

TIio aiitlior gratefully aekiinwletlges tlie jjival- 
ii.uble tccliuical assistiinee of Helen .T. t'icen and 
Riitli Taniguelii. Dr. Lelland .1, Rather reviewed 
the niicroEcopie seetimis made for preliminary 
studies. The definitive studies were aided by Dr. 
Harry Goldblatt. who kindly reviewed and de- 
scribed the microscopic sections. 


Rcceh-ed Xovember 14, 1949. P.-'i.E.B.lI., 1949, v72. 


Fetal Death and Maldevelopment Resulting from Maternal Vitamin A 
Deficiency in the Rat.^ (17543) 

James G. Wilson akd Stephanie Barch (Introduced b\' Karl E, ^lason) 

From the Department of .-Inatomy, School of Medidne and Dentistry, University of Rochester, 

Rochester, N. Y. 


The course of pregnancy maj’ be severe!}' 
altered by feeding female rats a diet restricted 
in vitamin A, the severity of the alteration 
being roughly proportional to the degree of 
vitamin deprivation. Death and resorption of 
the fetuses, prolongation of pregnancy, and 
delivery of stillborn young were reported by 
ilason(l) and Cannon (2) who employed de- 
ficient diets with little or no supplement of 
vitamin A or carotene. Warkany and Schraf- 
fenberger(3,4) using similar diets supple- 
mented with small amounts of carotene also 

* Supported by .a grant from tlic Nutrition 
Roundation, Inc., New York. 

1. Itason, K. E., .dni. J. Anat., 193o, v57, 303. 

2. Cannon, il. D., Pkoc. Soc. Exp. Biol, .vxb 
Med., 1940, v44. 129. 


noted a high incidence of fetal resorption; 
but, by interrupting pregnane}' at various 
times from the 13th day to term, they were 
able to obtain a number of living and recently 
dead fetuses and newborns suitable for histo- 
logic study. The eyes of these offspring were 
found to bear several developmental anomal- 
ies, notably: folding and eversion of the reti- 
na, persistence of the choroidal fissure, ab- 
sence of the ciliaiy body, and postlenticular 
fibroplasia. Thus, deficiency of vitamin A 
in the diet of female rats prior to and during 
pregnancy not only reduces fecundity by 

3. Wark-uny, J., and SchrafFenberger, E., Peoc. 
Soc. Exp. Biol, -vxd Med., 1944, v57, 49, 

4. Warkany, J., and Schraffenberger. E., Arch. 
Ophthal, 194G, v35, 150. 
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full week, and it appeared moribund. The 
kidneys of those dying earlier showed pro- 
nounced enlargement, but those of the one 
surviving were most remarkably enlarged, 
almost chalky white, with a granular surface. 
On sagittal section, the entire kidney was 
similarly without color in both medulla and 
cortex, aricroscopically, the tubular damage 
was profound and more severe than in any 
other group (Fig. 7). . 

Discussion. The data given here show con- 
clusively that intraperitoneal administration 
of albumin to rats, in large doses, prior to the 
administration of a severely toxic dose of 
mercurial diuretic, effectively protects the 
kidneys from the toxic effects of mercur}^ On 
the contrary, when the protein is administered 
simultaneously with the mercurial, the toxic 
effect of mercury is enhanced. Jlany previous 
experiments with administration of protein, 
in the same dosage used in this study, have 
established the relation of proteinuria to the 
time of injections.! 17,18) The first appear- 
ance of proteinuria after such injections has 
been interpreted as indicating that the maxi- 
mum tubular capacity for reabsorbing protein 
has been exceeded, so that the rate of protein 
reabsorption is critically diminished. This 


■ r. cv .'zi. / i .. 



Fig. 7. 

Section of kidney, Group 3c: .olbumni-iii.iccted 
oniiuals 7 days after meMlhtride sodium (l.Ou mg 
admimstered at the time of allmmm inieetion 
Km I. extreme severity of tome nephrosis. 

Hematosylin-eosin stain, 240 X. 

Cm^ct 33S, Office 
of ScientiBc Beseareli and Development, Com- 
mittee on Medical Bose.arc-h, 

18. Persike, E. C., Ureen H .T , Proo. Soc. 
EXE. Biou Axn Mh>., 1947, v65, 339. 


coincides with the time of our injection No. 
II. Therefore, it seems probable that the 
diminished toxicity of mercurial diuretic at 
this time is associated with diminished tubular 
reabsorption of mercury as well as protein. 
On the other hand, it seems plausible to sup- 
pose that, during the interval from the first 
protein injection to the first appearance of 
proteinuria, the reabsorption of protein pro- 
ceeds at a more rapid rate than normal, and 
that during this period the reabsorplion of 
mercurji is similarly increased, so that the 
toxicity of a given intravenous dose is en- 
hanced. That mercurial diuretic is selectively 
concentrated in the kidney, in patients who 
have received mercurial diuretics(19) and in 
normal dogs, (20) is already known. Little 
is known about the precise molecular struc- 
ture and physical properties of tlie mercurial 
diuretics. The prosthetic, mercury-contain- 
ing portion of the complex is unstable except 
in combination with theophylline. However, 
the precise nature of the combination is not 
known, nor is the size of the complex known. 
We have tried to dialyse meralluride sodium, 
and found that after 48 hours virtually none 
had passed through a cellophane membrane. 
In an effort to ascertain whether the mer- 
curial diuretics are bound by serum protein, 
meralluride sodium was incubated with bje 
human albumin and then separation was at- 
tempted by precipitating the protein, using 
trichloracetic acid, phosphotungstic acid, and 
phosphomolybdic acid. In each case, the 
meralluride sodium did not appear to be 
bound b.v protein, all remaining in the super- 
natant fluid. Therefore, it would appear that 
inhibition of mercurj- reabsorption is probably 
not related to a union between the mercurial 
diuretic and protein, as such. Experiments 
are in progress to determine by cytological 
demonstration whether our hypothesis, that 
proteinuria reduces the quantity of mercury 
reabsorbed, is correct. 

From these findings, it is suggested that 
our clinical e.xperience concerning the unex- 

la. Fonwy, R. U., aixl Hargor, R. X.. Veil. 
Vroc., 1949, vS, 992. 

20. Jlitnor, P., Burcli, G., Kay, T., Tlirovfoof. S., 
and Berenson, G., Am. A. 31c(l., 1949, v7, 41- 
(Proc.). 
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TABLE I. 

Course and Termination of Prcgunney iu Yitamiu A Deficient and Control Bats. 


Age of fetuses 
when removed 
or delivered, 
days 

Days of pregnancy on which untoward signs 
were observed 

Condition of young 

Comified cells 
in smear 
(25% or more) 

Abuormal blood 
in smear 

Wt loss 
by mother 

JTo. dead 
or resorb. 

Eo. 

living 

ilal- ' 
formed 

OO 





19 

0 

11 

Xo 

22 

— 

— 

— 

O 

7 

Yes 

OO 

— 

— 

11 

o 

s 

Yes 

20 

6-16, IS, 20 

IS, 20 

14 

all 



19 

7-14, 17, IS 

10, 11, 16, 19 

— 

3 

6 

Yes 

19 

— 

19 

14 

4 

S 

Yes 

19 

19 

15, 17, 18 

15, IS, 19 

all 



19 

7-lS 

10, 11, 19 

15,16 

all 



IS 

4-11, 13, 14, 17, IS 

15. 17, 18 

13 

all 



17 

— 

15, 16, 17 

12, 13, 15 

7 

5 

Yes 

16 

13-16 

15 

12, 14 

aU 



16 

S, 10, 11 

11,15 

14, 15, 16 

all 



15 

S-15 

15 

— 

all 



15 

1-13 

11 

14, 15 

all 



. 15 

9-11, 13 

15 

11 

all 



lo 

4, 9, 14 

15 

13,15 

5 

5 

Yes 

Controls 







22 



— 

12 

3 

9 

Ko 

is 

— 

15, 16 

— 

0 

3 

No 

22 

13,14 

17-20 

13 

4 

4 

No 

22 

— 



— 

0 

14 

No 

22 



— 

0 

7 

No 

20 


— 

— 

1 

, 13 

No 

17 

— 

— 

13 

0 

11 

No 


by the mother) the future course of preg- 
nancy might be determined with some degree 
of accuracy. 

Fetal death. Of the 36 females raised until 
maturity on the preparatory diet 34 mated as 
indicated by sperm in the vaginal smear, but 
only 30 were later verified to have become 
pregnant. The first 16 pregnancies, after be- 
ing transferred to the more highly purified 
diet, were allowed to continue to term or until 
there was definite evidence of prior resorption 
of some of the fetuses. Thus, this group provid- 
ed a check on the reliability of the proposed 
criteria to be used in predicting intra-uterine 
destruction of the fetuses. Only 3 of these 
Id pregnancies were sufficient^ rmeventful 
that they were allowed to proceed to the 22nd 
day of gestation (Table I). Thirteen were 
interrupted earlier by killing the mother when 
it was judged unlikely that any of the con- 
ceptuses would sutAuve until term. Such judg- 
ment was made after at least two, and usually 
all; of the following signs became positive: 1) 
“3% or more of comified cells in the vaginal 


smear during pregnancy; 2) blood in the 
vaginal smear in excess of, or at times other 
than, that characteristic of the “placental 
sign”, which appears normally as a trace be- 
tween the 11th and ISth days; and 3) a loss 
of weight by the mother, particularly after 
the 10 th dayL 

It is apparent from the data in Table I 
that these criteria were of value in indicating 
the fate of the fetuses. In the absence of 
comified cells and abnormal quantities of 
blood in the vaginal smear, a majority' of the 
fetuses may be expected to survive until the 
22nd day', as was obsen'ed in 3 rntamin A 
deficient and a large percentage of the control 
mothers. Conversely, connfied cells, to the 
extent of 25% or more were obseiv'ed at one 
time or another in 11 of 13 females whose 
pregnancy was later interrupted. All fetuses 
in 9 and several in the remaining 2 pregnan- 
cies were dead or already undergoing resorp- 
tion. Two -A. deficient females, whose preg- 
nancy' was interrupted for other reasons, 
failed to show as much as 25% of comified 
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causing tetal death and resorption, but also 
causes developmental anomalies in many of 
the fetuses that escape intrauterine death. 

The widespread interest aroused by the 
success of Warkany and his collaborators in 
producing congenital malformations by means 
of maternal vitamin A deficiency makes it 
desirable that the work ibe repeated in another 
laboratory. To date the only published ac- 
count of attempts to repeat the experiment 
elsewhere was that of Jackson and Kinsey, (5) 
who did obtain a few newborn rats mth ocular 
malformations; but the positive results of this 
investigation were of such limited nature as 
to cast doubt on the facility and regularity 
ivith which such defective young might be pro- 
duced. One of us (J.G.W.) has been asso- 
ciated with Dr. Warkany in a morphologic and 
embrimlogic study of the malformed fetuses 
and newborns obtained from the e.xperiments 
carried out in Cincinnati. Since certain ma- 
terial needed for further investigation of this 
subject (placentae and early embrimnic 
stages prepared especially for histochemical 
study) was not readily available from Dr. 
Warkany’s laboratory, it was decided to pro- 
duce it in this laboratory. The present report 
relates the repetition of the original experiment 
and, in addition, presents some observations 
not previously recorded. 

Experimental. Vitamin A deficiency was 
induced and maintained by the same diets and 
experimental procedures as were employed in 
Warkany’s original experiments, (3,4) except 
for the quantity and method of administra- 
tion of the carotene supplement, and a few 
other matters of incidental nature specified 
below. Rats of two strains were used, the 
Albino Farms and the Wistar; the latter had 
not been used previously for this type of ex- 
periment. Since no difference in reaction to 
the e-xperimental procedures was detected in 
animals from the different sources, the matter 
of strain will receive no further mention. A 
total of 36 young females were raised from 
weaning on a semipurified, “preparatory” diet 
which contained very little vitamin A or caro- 
tene. To insure continued gr owth to maturity 

Opma!., 1940, v29, 1230. 


a IS microgram dose of carotene in olive oil 
was administered orally each week. Presum- 
ably'- this dosage did not permit appreciable 
storage of vitamin A. When the animals had 
attained a body weight of about 160 g, each 
female was given an opportunity to breed with 
a male of the same strain fed an adequate 
diet. If mating occurred, as indicated by 
presence of sperm in the vaginal smear, the 
female was transferred to a more highly puri- 
fied diet which was adequate in all known 
respects except for the lack of vitamin A. No 
further supplemental dosing with carotene was 
given. The day on the morning of which 
sperm were found in the vaginal smear was 
considered the first day of pregnancy'. Eight 
control females were fed the same diets and 
subjected to the same procedures but were 
given weekly supplements of ISO jug of caro- 
tene, both prior to and during pregnancy'. 

From the experience of other investiga- 
tors, (1,2, 6) it was expected that a large per- 
centage of the pregnant females on I'itamin 
A deficient diets would resorb all of their con- 
ceptuses at some time before term. On the 
other hand, Warkany and Roth (6) found that 
approximately 25% of the conceptuses which 
survived until the latter part of pregnancy 
were developmentally' normal. The margin 
between fetal destruction and normal develop- 
ment, therefore, appears to be very narrow. 
One of the aims of the present experiment was 
to attempt to establish criteria by which one 
might predict ultimate destruction of the con- 
ceptuses, thereby making it possible to obtain 
prior to death embryos which were destined 
to undergo resorption later. S-Iasonfl) ob- 
served that the presence of comified cells in 
the vaginal smear during pregnancy was fre- 
quently associated with subsequent fetal 
death and resorption. Warkany and Schraffen- . 
berger(4) considered excessive amounts of 
blood in the vaginal smear and a loss of 
weight by the mother as indications that re- 
sorption had already begun. It ivas hoped that 
by carefully watching for ail of these signs 
(cornified cells in the vaginal smear, exces- 
sive blood in the smear, and loss of weight 

6. Warkiiiij-, J., and Roth, C. B., J. Xtitrition, 
194S, rSo, 1. 
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Fig. 2. Abnormal e 3 'e of a 22-day rat fetus, from a vitamin A deficient motlier. The nervous 
l.iyer of the retina is deeply folded, contains cysts, and is everted on to the pigmented layer 
in the region of the optic stalk and along the persistent elioroid fissure. The vitreous chamber 
is reduced to a small cone-shaped volume which is filled with fibrous connective tissue and rem- 
nants of the hvaloid artery. Hctinal colobonia was present but is not apparent in this section. 
X 25. ' 

Fig. 3. Ectopic openings of ureters in a 10-day rat fetus from an A deficient mother. The 
left ureter is seen to terminate in the uretlira, at some distance below its usual termination at 
the b.ise of the bladder (normally attained by the 17th day). The right ureter emirtied at an 
even lower level in the urethra. X 25. 

Fig. 4. Horseshoe kidney in a 19-dny rat fetus from an A deficient mother, X 25. 

Fig. 5. Persisting interventricular foramen in the heart of a 10-day rat fetus from an A 
deficient mother. The foramen is nonnally closed by the 17th d.ay of ge.station. X 25. 

Fig. 6. Eight-sided aorta and right-sided ductus arteriosus in a 10-day rat fetus from an 

deficient mother. The left subclavian arterj' is also anomalous in that it arises from the 
descending aorta and passes behind the esophagus to reach the left shoulder. X 25. 


cells at any time during pregnanej*; and both 
rielded some living young. 

Blood in the vaginal smear, in excess of 
or at times other -than that seen during the 
placental sign, was noted in all of tlie preg- 
nancies which were later interrupted (Table 
I). This would seem to be in itself an e.x- 
cellent indicator of fetal destruction, were it 
not for the fact that a subjective estimate of 
the quantity of blood is necessar}’’ when it 
appears at the same time as the placental 
sign. further limitation of this criterion 
ivas noted in that, prior to the 1 5th day, death 
and partial resorption of all fetuses often oc- 
curred before e.xcessive blood was present in 
the vagina. On -the other hand, when re- 
sorption of some conceptuses began during 
the last third of pregnancy, the quantity of 
abnormal blood was roughly proportional to 
the e.xtent of fetal destruction. Two controls 
showed what was judged to be abnormal 
blood, and in both cases there was evidence 
tbat resorption of some fetuses had begun late 
>n pregnanc\^ 

Loss of weight in the mother was recorded 
tor all but 2 of the pregnancies interrupted 
prematurely. Also, it was obsen'ed in 3 of 
the controls. The degree of loss was of more 
significance than the mere fact that a female 
niled to gain weight. Both .the degree and 
late of loss appeared to be determined by the 
number of fetuses undergoing resorption at 
any one time, as well as by the size of the 
ctuses at the time of their death. 

Thus, of the 3 criteria used in following the 
course of pregnancj' in vitamin A deficient 
emales, no one was found to entirely reliable 
as an indicator of fetal destruction. However, 


when all 3 of these signs became positive 
during pregnancy, several if not all of the 
fetuses of that pregnancy were later found to 
have undergone intra-uterine destruction. 
Pregnancies interrupted after the appearance 
of only 2 of the criteria, despite the fact that 
they were not interrupted immediately, gen- 
erally yielded some living young. 

In an additional group of 14 \itamin A de- 
ficient females (not included in Table I) 
pregnancy was interrupted immediateh’^ when 
the second of an}' 2 of the signs described 
above became positive. Accordingly, all of 
•these were killed between the llth and 15th 
days. Of this group, 12 females yielded in- 
tact embryos, and all but one of these con- 
tained more intact than resorbed embryos. 
This procedure, therefore, proved successful 
as a means of recognizing impending destruc- 
tion of the conceptuses. therebj- prov'iding 
embrv'os and placentae which, although 
doubtless affected by maternal vitamin A de- 
ficiency, had not yet begun disintegration. 
This material is being prepared for histologic 
and histo-chemical study of the early stages 
of abnormality in the embryos and of possible 
associated changes in the placentae. 

Malfoniiafioit of the surviving fetuses. 
Nineteen of the vitamin A deficient females 
mentioned in the preceding section yielded 
offspring suitable for histologic study, but 
only the fetuses of 1 5 da\-s gestational age or 
older have yet been e.xamined for malforma- 
tions. Of the 7 “litters" comprbing the latter 
group (Table I), all but one contained mal- 
formed fetuses. The one litter of normal off- 
spring was from one of the 3 pregnancies which 
proceeded to term without appredable indica- 




Fig 1 G. Varying degrees of edema in young rats removed on tiie 22nd day of gestation 
from a niotiicr fed vitamin A deficient diets, b. A normal newborn rat from a motlicr fed 
vitamin A deficient diets but suFiilemi-nted witli loO ng of carotene per week. 
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comprising the usual placental sign; and 3) 
a loss of lYeight by the mother after the 10th 
day of pregnancy'. 

Malformations involving the eye, cardio- 
vascular system, and genito-urinary ' tract 


were found in the fetuses or newborns from all 
but one of the pregnancies from which intact 
offspring were obtained after the 14th day of 
gestation. 

Received October 20. 1049. P.S.E.B.M., 1949, v72. 


Beef Erythrocyte Extracts Reacting with Hemagglutinins in Infectious 
Mononucleosis and in Horse Serum Sickness. (17544) 

H. Schwarzweiss* .and J. To.mcsik 

From the Hygienic Institute, University of Basel. 


In previous publications (1,2) it was demon- 
strated that 2 serologically active substances 
can be isolated from the stroma of beef eryth- 
rocytes; one reacts with the hemagglutinins 
that are formed in infectious mononucleosis, 
the other, with those formed in horse serum 
sickness. The stroma of beef erythrocytes 
ivas first e.xhaustively extracted with acetone 
nnd then with 100% ethanol at room tempera- 
lure, thus removing serologically inactive 
substances to a large extent. In order to 

1- 'olate the specific reactants the stroma resi- 
due was then extracted with boiling 100% 
ethanol, and subsequently, with boiling 80% 
ethanol. As can be seen from Table I, the 
80% ethanol extract ydelds the so-called 
mononucleosis antigen (M..-\.) and the ex- 
tract obtained with boiling 100% ethanol, 
the so-called serum sickness antigen (S.S.A.). 
Complete and distinct separation of the two 
serologically' active substances could not be 
accomplished. The fractions do not cor- 
respond to pure haptens. However, on the 
basis of serological activity' it could be as- 
sumed that the individual fractions were only 

2- 6% contaminated by the heterogenic frac- 
tions. Since the individual fractions are 
serologically highly' active it was thought 
probable that they might demonstrate sig- 
nificant chemical differences which might 

This work was carried out by grant in aid 
torn the Roche Research Fund, Basel, Switzerland. 
^ 1. Seliw.-irzweiss, 11., and Tomesik, J., Fboc, 
■-OC. E.xr. Bion. and Med., 194S, vG9, 558. 

Tomesik, J,, and Schwarzweiss, H., Peoc. 
•-0C. Exp. Biol, and Med., 1948, tG9, 502. 


point to the nature of the individual haptens. 
On the basis of previous investigations the 
nature of these haptens was disclosed only to 
the extent that they were found to be ther- 
mostable, not digestible by trypsin and pep- 
sin, and did not give reactions characteristic 
for proteins. This report deals with the 
chemical analysis of the serologically active 
fractions of the beef erythrocytes. In addi- 
tion, the glucose and glucosamine content 
after hydrolysis is presented. 

Methods. 1, The C-, H- and X- deter- 
minations were done according to Pregl’s 
method of quantitative elementary micro- 
analysis. 

2. • Phosphorus was determined as am- 
moniumphosphomolybdate. 

3. The reducing power was determined ac- 
cording to the Hagedorn-Jensen method and 
calculated for the glucose equivalent. The 
fractions were hydrolyzed at 100° C with 2 X 
HCI for 2 hours, then neutralized. 

4. The glucosamine determination was done 
according to the method of Boyer and Fuerth 
as modified by Brunius.(3) 25-75 mg of 
dry' substance were suspended in 7.5 ml of 
4 X HCI and diluted with distilled water to 
10 ml. This was hydroly’zed at 100°C in a 
sealed test tube for 5 hours. After filtration, 
whenei'er necessary', color clarification was 
effected by' charcoal adsorption. This solution 
was carried to dryness over KOH and redis- 
solved in 2 ml of distilled water. This, after 

3. Brunius, F. E., Chemical Studies on the True 
Forssman Hapten, etc., A. B. Falilcrantz Bok- 
tryckeri, Stockholm, 193G, p. 141-144. 
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tions of fetal destruction. No malformations 
or other abnormalities w^ere found in the off- 
spring of the control animals, ivhich ivere fed 
the same diets and subjected to the same pro- 
cedures as the A deficient mothers except that 
the controls were given 150 micrograms of 
carotene per week; both prior to and during 
pregnanciL ' 

From the 6 abnormal litters older than the 
14th day, at least 2 and in most cases all of 
the young have been serially sectioned and 
studied. Abnormality of the older fetuses 
was evident before sectioning by e.vternal ap- 
pearance alone: the characteristic edema of 
head, neck and thora.x was apparent to a vari- 
able degree in all (Fig. 1 a and b). Hemor- 
rhage in' the region of the eye and prenatal 
opening of the lids were occasionally noted. 

Warkany and collaborators (7) have report- 
ed that ocular abnormality was the most pre- 
valent type of developmental defect resulting 
from material vitamin A deficiency. This 
was substantiated by microscopic study of 
animals from the 6 abnormal litters listed in 
Table I. All such animals e.vamined had 
ocular anomalies, the more common of which 
were: folding and eversion of the retina, 
presence of a mass of fibrous connective tissue 
in the much reduced vitreous chamber, per- 
sistence of the choroidal fissure (coloboma), 
and absence of the ciliary body (Fig. 2). 

Genito-urinary organs also were frequently 
found to be the sites of malformation in earli- 
er observations.(8) The same 131)65 of de- 
fects have again been encountered in a similar 
percentage of animals. Among the commoner 
abnormalities in both instances were hypo- 
plasia of renal parenchyma, renal ectopia, ec- 
topic ureteric openings (Fig. 3), incomplete 
development of Mullerian ducts, abnormal re- 
tention of heterologous genital ducts in both 
se-ves, aplasia of vagina and faulty differentia- 
tion of the urogenital sinus. Less frequent 
abnormalities were horseshoe kidneys (Fig. 
4), cryptorchidism, hr^ospadias, and atresia 
of genital ducts and ureters. 


Cardiovascular anomalies were found in 
44% of a selected group of fetuses and new- 
borns from vitamin A deficient mothers in a 
previous study. (9) In the present, somewhat 
smaller group of animals an even higher inci- 
dence (more than 60%) of malformations of 
the heart and major arteries was observed. 
In general, the anomalies were of the same 
t 3 'pe, but a few varieties not previous!}' seen 
were encountered. Failure of the interventric- 
ular septum to close w'as again the most com- 
mon defect of the heart (Fig. 5). Variations 
in the aortic-arch pattern frequently observed 
in both instances were: distallj'-arising right 
subclavian artery, right-sided arch of aorta 
(Fig. 6), double arch of aorta, absence of 4th 
arch, absence or bilateral persistence of the 
ductus arteriosus, and absence of a pulmonary 
artery. 

The occurrence of keratinizing metaplasia 
in epithelia of the lower genito-urinary' tract 
of the offspring from A deficient mothers has 
been interpreted as indicating that such off- 
spring had themselves e.vperienced in nlcro a 
state of deficiency similar to that in the 
mother. (10) The same interpretation may 
be applied to the present group of animals, 
in which metaplastic keratinization was again 
observed in the genito-urinary tract of fetuses 
older than IS days gestational age. 

Summary. This report constitutes a con- 
firmation of the original experiments of Wark- 
any and co-workers in which congenital mal- 
formations were induced in fetal and newborn 
'rats by maintaining the mothers on vitamin 
A deficient diets. In addition, a method has 
been standardized which permits prior recog- 
nition of imminent death and resorption of 
the conceptuses, thereby making it possible to 
collect man}' severely malformed fetuses that 
would othenvise be destroyed in utcro. Three 
criteria that proved reliable in anticipating 
prenatal destruction of fetuses were: 1) the 
presence of more than 25% of cornified celts 
in the vaginal smear at any time during preg- 
nancy; 2) the presence of blood in the vaginal 
smear in excess of or at times other than that 


7. Warkau.v, X, Both, C. B., and Wilson, J. G., 

Pediatries, 1948, vl, 402. _ , t i 

8. Wilson, J. e., and Warkanr, J., Am. J. Anat., 

1948, tS3, 357. 


9. Wilson, J. 6., and Warkany, J., Am. J. 

1949, vSS, 113. 

10. Wilson, J. G., and Wark.any, J., Pnoc. Soc. 
Exp. Biol. ast> Med., 1947, vC4, 419. 
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Vitamin D Intake and Susceptibility of Mice to Experimental Swine 
Influenza Virus Infection.'^t (17545) 

George A. Young, Jr., Norxian R. Underd.^hl, and Lawren'ce E. Carpenter 
(Introduced by Jerome T. Syverton) 

From the Hormcl Institute, University of Minnesota, Austin, Minn. 


Considerable interest has been manifested 
in recent years in the influence of nutrition 
on e.tperimental infection. Recden’S on the 
subject have been written by Aycock and 
Lutman,(l) Schneider, (2) and more recently 
by Clark et al.(2) More specifically related 
to the results presented in this paper is the 
work of Sprunt(4) who demonstrated that 
mice, maintained on low protein diets, showed, 
after injection with methionine, an increased 
susceptibility to swine influenza virus infec- 
tion, Similarly, iMidzuno(5) was able to pro- 
duce influenza in rats by maintaining them on 
diets deficient in vitamin D. He also carried 
out similar experiments with avitaminotic D 
foice. In this paper results are presented 
which indicate that mice fed diets low in 
vitamin D are more susceptible to experi- 
uiental swine influenza virus infection than 
are mice that receive vitamin D. These find- 
ings confirm those reported by ZMidzuno,{5) 
Materials and methods. Experimental ani- 
mals. The mice were obtained b\' 3 succes- 

-ti(Je(I Ijy grants from tlie Ledorle Laboratories 
W'ision, Americ.an Cy-mamifl Co., Pearl River, 
YY.. and tlie Ilorincl Foundation. Austin, Minn. 

■ t'ublieation Xo. 45 of the Horniel Institute, 
and Paper Xo. 2.513, Soientific Journal Series, 
^timiosota Agrieuitur.'il E.vperinieiit Station. 

I. Ayeock, 5V. Lloyd, and Lutnian, Grace E., 
J. Med. Sri., 1944, v20S, 3S9. 

— Sclmeider, Howard A., Vitiiviiii.<i and Jlor- 
woiip,, 1940, v4. 35. 

“• t-lnrk, P. F., MeClung, L. S„ Pinkerton, H.. 
rice, A\ . Scimeider, H. A., and Tr.ager, W., 

Itnet. 5,9 

4. .Siiruiit, Douglas H., Peoc. .“^oc. Exp. Biol. 
Axii Med., 1948, v07, 319. 

Midzuno. H., Xag(>;ia IrinUai Zns.dii. 1941. 
votl. C.5.5, flirougli Chem. Ahst.. 194S, v43, 963. 
e liave been unable to secure tbe original paper 
It was among tlie journals held by tlie Central 
ateUigencp Agency of tlie AVasliington Document 
filter that were in process of being distributed 
to government libraries in Wasliiugton. 


sive matings of 75 females and 35 males of 
second generation stock derived from Bittner’s 
ZBC strain (6) with a commercial strain of 
Swiss mice. The breeding colonj- was main- 
tained on Purina Fox Checkers and ivater. 
To assure uniformity in the ages of the test 
mice, all breedings for each replicate of the 
experiment were carried out within a period 
of 7 days. Mice were weaned at 21 days, and 
then placed on the e.xperimental diets for 28 
days. Thus, at the time of inoculation with 
swine influenza virus, the mice were at least 
49 day's old and not more than 56 days old. 

Experimental diets. The basal diet was 
prepared by hand mixing all the ingredients 
listed in Table I, except the brewers' yeast, 
which ivas added later as the vehicle for vita- 
min D. The source of vitamin D was 
Fleischman's FIDY yeast type 9F containing 
9000 U.S.P. units of vitamin D per gram. 
It was premi.xed with Fleischman's 2019 dry- 
brewers’ yeast. The desired levels of vitamin 
-D were obtained by' adding different quanti- 
ties of the mixture to the diets. For the first 
experiment, the followina amounts of vutamin 
D were incorporated into the diets: 0, 2.5. 
5, 10, 50, 100, 250. 500 and 1000 U.S.P. units 
per 100 g of feed. In the second replicate 
e.xperiment. 0. 10, 50, 100 and 500 U.S.P. 
units per 100 g of feed were used and in the 
third replicate e.xperiment, 0, 2.5, 5, 10 and 
100 units were fed. The diets were fed for 38 
days including the 10 days following intra- 
nasal instillation of swine influenza virus into 
593 test mice. Controls consisted of 123 mice 
also kept on the different diets for 38 days. 

Mouse injectivity. The test virus was 
swine influenza virus (Shope 15) adapted to 
both eggs and mice. The mice were infected 
intranasally with 0.05 cc of a virus suspension 

6. Gricii, Robert G.. Mooscy, Miirye M., and 
Bittner, .Tolin J.. Prop. Sop. Exp. Biol, and Med., 
1940, v61. 302. 
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TABLE I. 

Extracts of Beef Stroiiin and Tlieir Iiihiliition Titor To-'vard Sheep Cell Agglutiiiiiis. 


Inliibitioi! titer ton-arti sheep 


E.vtraetion 

E-xtracted substance 
in % 

ijomflgglutjnins in 

/ ' N 

Jjif, jijojjowiu*]. Serum sit'kness 

Acetone, room temp. 

S.6 

0 

0 

Ethanol, lOOt/r room temp. 

12.6 

2.50 

36,000 

” 100% boiling 

0.7 

16.000 

3Sd,000 

” 807c 

0.1 

1,000.000 

10,000 

• 

TABLE II. 



Clieinienl Aimlysis of tlie Etlianol Extracts of Beef .Stronm. 


Ethanol, 100% 

Ethanol, 1007o 

Etlmnol, 80% 

%of 

room temp. 

boiling 

boiling 

C 

(«.13 

67.16 

50.61 

H 

11.88 

10.34 

7.74 

N 

.3.04 

3.47 

. S.4.5 

P 

0.33 

0.37 

2.44 

Eedncing sugar 

2.7 

8.31 

17.4 

Glucosnmino 

1.76 

4.03 

8.36 


addition of acetylacetone and N Na 2 COs, Mas 
heated on the water bath and acidified with 
acetic acid; Ehrlich’s reagent was added, air 
was blown through, and the volume was di- 
luted to 10 ml with glacial acetic acid. The 
intensity of the red color obtained was deter- 
mined with a Klett-Summerson photoelectric 
colorimeter. The calibration curve within tlie 
range of 0.2-1.4 mg of glucosamine, was ap- 
proximately a straight line. The glucosamine 
content of the unknown solution was -inter- 
polated according to this calibration curve. 

Results. The serological activities of the 
various beef stroma fractions are shown in 
Table I. The results of their chemical 
analyses (average values of several determina- 
tions) are given in Table II. 

The analytical values of the S.S.A. con- 
taining substance, (e,xtracted with boiling 
100% ethanol), shows a higher content of 
reducing sugar and glucosamine than the 
slightly active fraction obtained with 100% 
ethanol at room temperature. Significantly 
different analytical values were found in the 


M.A. containing substance which had been 
extracted with 80% ethanol; here the C- and 
H- content were lower, the content of X- and 
P-, as well as that of the reducing sugar and 
of glucosamine content, were considerably 
higher. After further purification(l) of the 
M.A. extract, both its serological activity and 
reducing properties were somewhat increased 
(reducing sugar 19.4%). The inactive ace- 
tone extract was tested only for reducing sub- 
stances after the Hagedorn- Jensen method 
(reducing sugar 0,23%). 

The chemical nature of the serologically 
active M.A. and S.S.A. containing fractions 
of the beef erjdhrocytes cannot be determined 
because of the lack of purity of the prep- 
arations. However, it may be inferred that 
both substances, especially the so-called 
mononucleosis antigen, belong to the same 
group of substances as the human A sub- 
stance and the Forssman antigen, and that 
glucose or glucosamine play an important 
role in the hapten structure. 

Received November 14, 1040. 1040. v7-. 
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graded amounts of vitamin D as the test ani- 
mals but which were given no virus failed to 
show evidence of pulmonary consolidation, 
although the lungs of mice on the lower levels 
of vitamin D appeared hjperemic. Evidence 
lor vitamin D deficiency was not obseiA’ed. 
The mean weight for all mice at the time of 
waning was 9.3 g and at the time of infec- 
tion 22.4 g, the gain in weight having been 
progressive for all mice to the time of inocula- 
tion. 


The evidence presented graphically in Fig. 
2 shows that susceptibility to infection reflects 
a sexual difference, as well as a relationship to 
the dosage of vitamin D. The females were 
more susceptible than males on diets with no 
added vitamin D. The differences between 
males and females on diets containing 10 and 
100 U.S.P. units of vitamin D were negligible. 
Statistically, females on an avitaminotic D 
diet were significantly more susceptible than 
males on the same diet, or than females on a 
diet containing 10 units of vitamin D per 100 
g of feed ( 7 ,- =: 12.6 and 43.4, df = 1, P less 
than 0.1%). Likewise males on the diet con- 
taining no added vitamin D were more sus- 
ceptible than males on the 10 units diet 
( 7 = = 8.6, df = 1, P less than 1%). 

Summary. Experimental evidence is pre- 
sented which indicates that mice fed diets 
containing little or no vitamin D for 28 days 
after weaning showed increased susceptibility 
to experimental swine influenza virus infec- 
tion. Females were more susceptible than 
males. 

Received Xovember 15. IP49. P.S.E.B.U. 1049, x72. 


Histochemical Localization of True Lipase.* (17546) 
George Gomori 

From the Department of Medicine, The University of Chicago. 


In the course of experiments on the histo- 
c emical specificity of esterases (lipases) 35 
u'nerent water-soluble substrates^ were tried, 
hemicallj', the substrates were long-chained 
(Lj; to Cjs) fatty acid esters of polyglycols 
or of sorbitan in which the remaining hydroxjd 
groups were etherified with ethylene oxide 

Tills Work li.is been done under grants from the 
onglas Smith Foundation for liledicai Research 
° the University of Chic.ngo, and from the 
Pathology Study Section of the U. S. Public 
ffsalth Service. 

t Obtained by courtesy of the Atlas Powder Co., 
ihiiington, Del., the Onyx Oil and Cliemical Co., 
^crsey City, X.J., the Glyco Products Co., Brook- 
T., and the General Aniline and Film 
Xew Tork C5ty. 


chains of various lengths. The fatt}- acids 
of these compounds were mostly saturated 
(lauric, palmitic, and stearic); however, a 
number of them contained unsaturated acids, 
either practical!}' e.xclusively (undecylenic, 
oleic, and ricinoleic) or predominantly (fatty 
acids of linseed oil). 

Experimental. Tissues of several species 
(man, dog, cat, guinea pig, rabbit, rhesus 
monkey, rat, mouse, and pigeon) were used. 
They were fixed in chilled acetone and em- 
bedded through acetone, alcohol, alcohol- 
ether, 4% collodion in alcohol-ether (12 hr) 
and 2 changes of chloroform, 1 hr each, in 
paraffin. As many as 20 different tissues were 
included in a single paraffin block. The in- 
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TABLE I. 

Basal Expeiimental Diet. 


Cora starch 
Caseia (Bordea 

52 edible) 


72% 

18% 

Corn oil 

Salts 

OaHPO. 

46.3% 

FeSO. 

4% 

4% 

, 2.10 

CaCOg 

16.9 

KU 

00 

NaCl 

13.5 

ZaO 

.'04 

HgCOg 

8.5 • 

CuSOi4 

.02 

KCl 

6.7 

HnClo 

, .02 

KHoPO^ 

0.7 



Vitamins Trace 

Tit. A 900 U.S.P. units 100 s diet 

Choline chloride 
Inositol 
Pantothenic 
acid 
Vit. E 
Niacin 

Paraminoben- 
zoie acid 
Eiboflavin 
Thiamine hydro- 
chloride 
Pyridoxine hy- 
drochloride 
Brewers ’ yeast 


100 % 


200 mg 
21. G mg 
4.4 mg 

4.0 mg 
4.0 mg 
4.0 mg 

1.6 mg 
O.S mg 

0.8 rag 


2 % 


diluted in buffered saline to approximately 
the minimum infective dosejo. By the method 
of Reed and Muench,(7) the dilution for the 
IDso was found to be 10^-^ for mice on a diet 
containing 100 U.S.P. units of vitamin D. In 
the first and third experiments, a dilution of, 
10^-' of allantoic fluid was used, obtained from 
embrj'onated eggs harvested 48 hours after 
inoculation with 10^ dilution of stock virus. 
The dilution of virus used for infecting mice 
was determined by preliminary tests on a 
small number of mice on a diet containing 
100 U.S.P. units of vitamin D. In the second 
experiment, the preliminary virus titration 
was misleading, resulting in a 10" ® dilution 
for inoculation of the mice. 

The method for determining the extent of 
mouse infectivity was essentially that of 
Horsfall(8) and of Lauffer and i\Iiller.(9) 
Mice dying of influenza within the 10-day test 
period were each given a score of 4, and those 

7. Keecl, L. J., and lliiencli, H., Am. J. Uyg-, 
1938 y27, 493. 

8. Horsfall, F. L,, Jr., J. Fry. Mcit., 1939, v/0, 
009 

■ 9; Lauffer, Jla.K A., and Hiller, Gail Lorenz, 
J. E.t 2>. Ifed., 1944, v79, 19 (. 


that showed consolidation of or a 

trace of the lung area at autopsy on the 10th 
day were given scores of 3, 2, 1, and 0.5, 
respectiveljL The final positive scores dif- 
fered from those of Lauffer and IMiller in that 
the total score for each test group was divided 
by four times the number of mice rather than 
by the total number of mice. This variation 
made it possible 'to represent infectivity as a 
percental number of the maximal possible 
score that would result from death of all 
inoculated mice. 

Results. Fig. 1 shows graphically the rela- 
tive reactivity of the mice which had been 
maintained on graded doses of vitamin D to 
experimental infection vn'th swine influenza 
virus. This cur%'e, based on the infection of 
S93 mice, indicates clearly that mice fed for 
28 days on a diet containing essentially no 
vitamin D were more susceptible to e.xperi- 
mental infection than mice receiving some 
vitamin D in their diet. As little as 2.5 
U.S.P. units of vitamin D per 100 g of diet 
afforded definite protection, and 5.0 units gave 
nearly maximal protection. The differences 
in relative infectivity of mice on the 0 diet 
as compared to those on the 2.5 diet, and the 
mice on the 2.5 diet as compared to those on 
the 5.0 diet were significant (■/.* = 9.36 and 
7.74, df = 1, P less tlian 1%). There were 
no significant differences between the other 
adjacent points on Fig. 1. Points for 250, 
500, and 1000 units of vitamin D are not 
shown on the curve, as they would only' ex- 
tend the curve parallel to the abscissa. 

The control mice which were fed the same 
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Pig. 1 (left). P.Tiicrens and duodciimn of flie iiionse. .Substrate. Tween 60. Intense reac- 
tion in botli tlio pancrea.s and tlie intestine. 

Pig. 2 (right ). Next section of the same block. .Substr.ate, Tween So. Reaction positive in 
the pancreas onh-; no reaction in intestine. 


Comment. The differences between hepatic 
and pancreatic esterase have long been recog- 
nized, the most conspicuous feature of the 
pancreatic enzyme being its ability to hydro- 
l.vze any fatty acid ester, true fats included, 
ti'hile the action of hepatic enzyme is limited 
to simpler esters. These differences have been 
analyzed by numerous workers, and a number 
of important features have been emphasized 
such as the different nature of their sub- 
strates (aliphatic vs. aromatic; (6) straight vs. 
branched chains; (6) optical isomerism; (7,8) 
importance of the chain length of the fatty 
acid; (6,9) differences in patterns of hydro- 
.'sis of short-chained fatty acid esters of 
nitrophenol),( 10 ) and differences in the ef- 
Kts of activators and inhibitors. (5) The 
ability of the pancreatic enzyme to attack true 
>ats has led to the usage of designating it as 
ipuie, while the hepatic enz 3 ’me is usualh^ 
referred to as esterase, although both t 3 'pes of 
enz3-mes are sometimes included in either of 
the terms mentioned. To avoid confusion, it is 
suggested that esterase(s) h 3 'drol 3 'zing true 
ats (as the pancreatic and gastric enz 3 'me) 

C. Terroine, E. P., Anti. Sci. Xat., Zoologic, 
I'mos X 1P20, v4, 1. 

<■ tVillstiittor, E., ana Alemnien, F.. .z. iitii/sioJ. 
citem., 

S. .\ininoii, R., Fcrmcutforsch.. 1030, vll, 4o0. 

0. .SebOnlieyapr, F. and Volqvai tz, K., Eiici/mol.. 
vll, ITS. 1 . . ./ 

10. Huggins. C., and Jloiilton, S. H., J. Exp. 
■urd., 1048 , vSS, 109. 


be called true lipase (s). The results pre- 
sented add a new distinctive feature for the 
characterization of true lipases, namely, their 
unique abilit 3 '’ to hydroh’ze esters of unsat- 
urated fatty acids at a fast rate. 

Some unsaturated fatty acids are known 
to be essential in the nutrition of the rat. 
(11,12) In cystic fibrosis of the pancreas of 
children it has been shown(13) that the 
iodine number of serum lipids is lowered, thus 
indicating the possibilit 3 ’ of a selectively 
poorer utilization of unsaturated fats as com- 
pared to that of saturated ones. \Miether the 
low iodine numbers of serum lipids in infantile 
eczemaf 14-16) are also due to pancreatic 
h 3 'pofunction is not known. The dependence 
of some of the S3'mptoms on a deficienc 3 ^ of 
unsaturated fatt 3 ' acids is a moot question 
because it has never been ascertained that the 
latter are essential in human nutrition. How- 
ever. should the 3 ’ prove to be so, the results 
of the e.xperiments presented would indicate 

11. Buit. G. O., and Bun-, Jt. M., .1. Biol. Chriii., 

1929, vS2, ,34,S. 

12. Burr, G. O., and Burr, M. Jt., J. Biol. Clicm.. 

1930, vS6, 5S7. 

13. Luzzatti, L., and Hansen, A. E., ,1. Pediatr.. 
1944, v24, 417. 

14. Hansen, ,A. E., Pkoc. .Soc. E.xp. Bioi.. .\xd 
J lED., 1933, v31, 160. 

13. Fiunerud, C. W., Ke.sler. R. L., and Wiese, 
H. P., Arch. Derm, and Syph., 1941, v44, S49. 

1C. Faber, H. K., and Roberts, H. B., J. Pediatr., 
1935, vC, 490. 
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cubating mixtures were prepared by adding 
1 ml of a 5% stock solution of the various 
substrates to 50 ml of a 0.04 M tris(hydroxy- 
methyI)aminomethane-maleate buffer(I) of 
pH 7.2 to 7.6, containing 0.2% of CaClo. A 
few crystals of camphor were added to prevent 
bacterial growth. Incubation time was 6 to 
18 hr. The precipitates of Ca soaps were 
visualized by the original method.(2) Chemi- 
cal controls were run by assaying the en- 
zymatic activit}' of filtered homogenates of 
tissues according to a turbidimetric tech- 
nic(l,3) The substrates were used in a con- 
centration of 1% (somewhat less than O.OI 
M, the molecular weights of the substrates 
being in the range of about 1200 to 1600). 

Results. All substrates gave consistently 
good positive reactions with the exception of 
the undecylenic ester (CRL-16838; Atlas 
Powder Co.) with which only a few fair re- 
sults were obtained, besides a large number of 
partial or complete failures. This may be 
e.vplained by Ca undecjdenate not being suf- 
ficiently insoluble. There was a considerable 
variation in the intensity of the reaction given 
by the various substrates. On the whole, 
laurates gave a more intense reaction than 
palmitates, and the latter a more intense one 
than stearates. Very long ethylene oxide side 
chains (as in G-2153: Atlas Powder Co.) 
seemed to slow down the reaction. However, 
the most striking differences were observed 
when results obtained with the use of esters 
of saturated fatty acids were compared with 
those given by unsaturated esters. The pic- 
tures published previously (4) were obtained 
exclusively with saturated substrates while 
with unsaturated substrates the localization 
of the reaction was greatly restricted, being 
invariably and intensely positive only in the 
pancreases of all species (especially the rat 
and the mouse), and in certain cells in the 
stomachs of some species (man, monkej', 
mouse). The liver of the pigeon stained 


1. Gomori, G., Proc. Soc. Exf. Biol. .4x0 Mm, 


194S, vCS, 354. 

2 . Gomori, G., FROC. Soc. E.xp. Biol, .i.vo Jim, 


1945, ToS, 362. 

3. Gomori, G., 
t34, 2"o. 

4. Gomori; G., 


,T. Lab. and Clin. Med., 1949. 
jlrcli. PaCh; 1940, v41, 121. 


rather intensely; that of man and of the 
guinea pig, to a much lesser degree; livers of 
the other species ryere practically negative, 
and so was the intestinal mucosa of most 
species (man, rat, mouse, rabbit); in others 
(monkey and pigeon) the intestinal mucosa 
did show some reaction but it was very much 
weaker than that obtained with saturated 
substrates. Whether these faint reactions 
were due to the presence of small amounts of 
saturated esters in all substrates or to a slight 
action of esterases on unsaturated ones could 
not be decided. They were completely abob 
ished by the addition of 0.005 M taurocholate 
to the incubating mixture while the reaction 
in the pancreas was markedly intensified. 
This selective effect of bile acid on pancreatic 
lipase has been described previously.! 5) 
Usually there was also some positive reaction 
in the intestinal contents and on the surface 
of villi; it appeared to be mostly extracellular 
and probably due to pancreatic juice or to 
bacterial enzyme. The kidneys of all species 
positive with the original technic (mouse, rat, 
dog, rabbit, monkey) were consistently nega- 
tive when unsaturated substrates were used. 
The best substrates to show this restricted re- 
action were Tween 80, G-2I44, G-9446N‘ and 
G-7627DJ (oleates); G-6486 (ricinoleate) 
and G-9926T (linseed), all of the Atlas Pow- 
der Co.; Neutronyx R (oleate) of the Onjw 
Oil and Chemical Co., and Antarox B290 
(ricinoleate) of the General Aniline and Film 
Corp. Ricinoleates, as a rule, gave distinctly 
weaker but even more selective reactions than 
either the oleates or the linseed ester. It 
should be remarked that the unsaturated 
substrates do not seem to diffuse through 
collodion membranes; therefore, if they are to 
be used, the slides must not be collodionized: 
in fact, the celloidin from the embedding pro- 
cedure should be removed with alcohol-ether. 

Chemical assays were in complete agree- 
ment with the histochemical findings. Table 
I shows tire activity of hepatic and pancreatic 
extracts towards a number of substrates; it is 
obvious that while the pancreatic enzyme 
attacks all of them, the hepatic enzyme leaves 
the unsaturated ones practically untouched. 

“ .TFROcTioc, Exv. Biol. .\.n-0 JIkd., 
1948, tC7, 4. 
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Pig, 1 (left). Pancreas and duodenum of the mouse. Substrate, Tween 60. Intense reac- 
tion in hatli tlie pancreas and the intestine. 

Fig. 2 (right). Xext section of the same block. Substrate, Tween SO. Reaction positive in 
the pancreas onl.v; no reaction in intestine. 


Comment. The differences between hepatic 
and pancreatic esterase have long been recog- 
nized, the most conspicuous feature of the 
pancreatic enzjmte being its ability to ht'dro- 
lyze any fatty add ester, true fats included, 
while the action of hepatic enzyme is limited 
to simpler esters. These differences have been 
analyzed by numerous workers, and a number 
of important features have been emphasized 
such as the different nature of their sub- 
strates (aliphatic vs. aromatic; (6) straight vs. 
branched chains: (6) optica! isomerism; (7,8) 
importance of the chain length of the fatty 
acid: (6,9) differences in patterns of hydro- 
lysis of short-chained fatty acid esters of 
nitrophenol).(lO) and differences in the ef- 
fects of activators and inhibitors. (5) The 
ability of the pancreatic enzyme to attack true 
fats has led to the usage of designating it as 
lipase, while the hepatic enzyme is usually^ 
referred to as esterase, although both types of 
enzymes are sometimes included in either of 
the terms mentioned. To avoid confusion, it is 
suggested that esterase(s) hydrolyzing true 
fats (as the pancreatic and gastric enzyme) 

G. Terroice. E. F., Jnn. Sd. Xot., Zoologic, 
Sfrifs X 1P20, v4, 1. 

7. V> ilUtiittcr, R.. .nud Alemnii'n. F.. Z. phyxiol. 

It|24. t1.3S, 216. 

S. .\mmciii. R., Fermcniforsch.. inSll. vll, 459. 

9. Scliciiilitwder. F. and Volqv.artz, K.. Encgmol.. 
1044. vll, ITS. 

19. Huggins. C.. and Moulton, .S. 11.. .7, £xp. 
yifd., 194S. vSS. 169. 


be called true lipase (s). The results pre- 
sented add a new distinctive feature for the 
characterization of true lipases, namely, their 
unique ability to hydroh'ze esters of unsat- 
urated fatty acids at a fast rate. 

Some unsaturated fatty acids are known 
to be essential in the nutrition of the rat. 
(11,12) In cystic fibrosis of the pancreas of 
children it has been shown(13) that the 
iodine number of serum lipids is lowered, thus 
indicating the possibility of a selectively 
poorer utilization of unsaturated fats as com- 
pared to that of saturated ones, ^^'hethe^ the 
low iodine numbers of serum lipids in infantile 
eczema( 14-16) are also due to pancreatic 
hypofunction is not known. The dependence 
of some of the symptoms on a deficiency of 
unsaturated fatty acids is a moot question 
because it has never been ascertained that the 
latter are essential in human nutrition. How- 
ever. should they prove to be so. the results 
of the e.vperiments presented would indicate 

11. Burr. G. O., anj Burr. M. M.. .7. Btnl. Chem.. 

1929, vS2, 345. 

12. Burr. G. O., and Burr. M. M., J. BojI. Chem.. 

1930. vS6, .3S7. 

13. Luzzntt), L,. and Hansen. A. E.. J. Pediatr.. 
1944. v24, 417. 

14. Hansen, .A. E., Pnoc. Poe. Exp. Biol, .vxd 
Med.. 1933, v31. 16o. 

15. Finnerud. C. IV., Kesler. R. L.. and IViesc. 
H. F., Arch, ficrm. and Sriph.. 1941, t44, S49, 

16. F.aber, H. K., and Roberts. L>. B.. J. Peduitr., 
1933, vG, 490. 
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cubating mixtures were prepared by adding 
I ml of a 5% stock solution of the various 
substrates to 50 m! of a 0.04 trisfhydrox}’’- 
methyl)aminomethane-maleate buffer(l) of 
pH 7.2 to 7.6, containing 0.2^0 of CaCL. A 
few crystals of camphor were added to prevent 
bacterial growth. Incubation time was 6 to 
18 hr. The precipitates of Ca soaps were 
visualized by the original method. ( 2 ) Chemi- 
cal controls were run by assaying the en- 
zymatic activity of filtered homogenates of 
tissues according to a turbidimetric tech- 
nic (1,3) The substrates were used in a con- 
centration of 1% (somewhat less than 0.01 
jM, the moleculgr weights of the substrates 
being in the range of about 1200 to 1600). 

Results. All substrates gave consistently 
good positive reactions with the e.\-ception of 
the undecylenic ester (CRL-16838; Atlas 
Powder Co.) with which only a few fair re- 
sults were obtained, besides a large number of 
partial or complete failures. This may be 
explained by Ca undecylenate not being suf- 
ficiently insoluble. There was a considerable 
variation in the intensity of the reaction given 
by the various substrates. On the whole, 
laurates gave a more intense reaction than 
palmitates, and the latter a more intense one 
than stearates. Very long ethylene o.xide side 
chains (as in G-2153; Atlas Powder Co.) 
seemed to slow down the reaction. However, 
the most striking differences were observed 
when results obtained with the use of esters 
of saturated fatty acids w'ere compared with 
those given by unsaturated esters. The pic- 
tures published previousIy(4) were obtained 
exclusively with saturated substrates while 
with unsaturated substrates the localization 
of the reaction was greatly restricted, being 
invariably and intensely positive only in the 
pancreases of all species (especially the rat 
and the mouse), and in certain cells in the 
stomachs of some species (man, monkey, 
mouse). The liver of the pigeon stained 


1. Gomori, G., Froc. .See. Exp. Biol, a.vo Med., 
1948, t6S, 354. 

2. Gomori, G., Pkoc. Soc. Exp. Biol, and Med., 


1945, voS, 302. 

3. Gomori, G., 
v34, 275. 

4. Gomori, G., 


J. inti. Med; 1949, 

Jrc/i. P((iK 1940, y41, 121. 


rather intensely; that of man and of the 
guinea pig, to a much lesser degree; livers of 
the other species ryere practically negative, 
and so was the intestinal mucosa of most 
species (man, rat, mouse, rabbit); in others 
(monkey and pigeon) the intestinal mucosa 
did show some reaction but it was very much 
weaker than that obtained with saturated 
substrates. Whether these faint reactions 
were due to the presence of small amounts of 
saturated esters in all substrates or to a slight 
action of esterases on unsaturated ones could 
not be decided. They were completely abol- 
ished by the addition of 0.005 jM taurocholate 
to the incubating mixture while the reaction 
in the pancreas was markedly intensified. 
This selective effect of bile acid on pancreatic 
lipase has been described previous]y.(5} 
Usually there was also some positive reaction 
in the intestinal contents and on the surface 
of villi; it appeared to be mostly extracellular 
and probably due to pancreatic juice or to 
bacterial enzyme. The kidneys of all species 
positive with the original technic (mouse, rat, 
dog, rabbit, monkey) were consistently nega- 
tive when unsaturated substrates were used. 
The best substrates to show this restricted re- 
action were Tween SO, G-2144, G-9446X and 
G-7627DJ (oleates); G-6486 (ricinoleate) 
and G-9926T (linseed), all of the Atlas Pow- 
der Co.; Neutronyx R (oleate) of the Onjw 
Oil and Chemical Co., and Antarox B290 
(ricinoleate) of the General .i^niline and Film 
Corp. Ricinoleates, as a rule, gave distinctl,v 
weaker but even more selective reactions than 
either the oleates or the linseed ester. It 
should be remarked that the unsaturated 
substrates do not seem to diffuse through 
collodion membranes; therefore, if they are to 
be used, the slides must not be collodionized: 
in fact, the celloidin from the embedding pro- 
cedure should be removed with alcohol-ether. 

Chemical assays were in complete agree- 
ment u'ith the histocheniical findings. Table 
I shows the activity of hepatic and pancreatic 
extracts towards a number of substrates: it is 
obvious that while the pancreatic enzyme 
attacks all of them, the hepatic enzyme leaves 
the unsaturated ones practically untouched. 

^TGomoii, G., Pkoc. Soc, E.w. Biol, and Med., 
194S, vC7, 4. 
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ing. The combined acetone filtrates were 
evaporated to an aqueous sludge, 25 ml of 
distilled water added, and brought to pH 7.0. 
This aqueous residue was extracted 3 times 
with ethylene dichloride. The ethylene di- 
chloride e.xtract was concentrated to drjmess 
and taken up in com oil for bioassaj’ by a 
mouse glycogen method.(2) The results are 
e.xpressed in 11-dehydrocorticosterone equiva- 
lent. 

The results are summarized in Table I. 
Five grams of adrenal tissue incubated with- 
out steroid yielded 0.2 mg equivalent of II- 
dehydrocorticosterone or less. For the cal- 
culation of net amount of gh’cogenic material 
formed the value of 0.04 mg of ll-deh\-dro- 
corticosterone per g of tissue was used as the 
amount of activity material contributed by 
the tissue as such. The unreacted desoxy- 
corticosterone contributed a negligible amount 
of ghxogenic activity. 

Incubation of deso.xYxorticosterone either 
with slices or homogenate resulted in the for- 
mation of glj-cogenic material. The yields 
were higher when the glucoside was used. In- 
cubation of the glucoside with the homogenate 
gave a higher yield of glycogenic material 
than when slices were employed (Table I). 

Since glycogenic activity in the adrenalec- 
tomized mouse is associated with steroids 
having oxr^gen at carbon II, it is presumed 
that the enzyme system is concerned with the 
oxidation of carbon 1 1 to either a carbonyl or 
an alcohol grouping. 

Summary. Incubation of deso.xycortico- 
sterone either as the free compound or as the 
glucoside with adrenal slices or homogenate 
resulted in the formation of glj-cogenic 
material. 


2. Dorfman, R. I., Boss, E., and Shiplev, E. A., 
En^oerinolopy, 1940, vSS, ITS. 


IJceeived Xoveniber 18, 1949. P.S.E.B.M., 1949, t72. 
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■ , , . TABLE I. 

-D ^ Water-solu-ble Fatty Acid Esters by Hepatic and Pancreatic Esterase. 
Buffered substrate, 10 mi; 4% tissue extract (rat liver and pancreas), 0.5 ml Activities 
expressed in micromoles of fatty acid liberated in 1 hr. ‘ ^ " 


Tween 20 Tween 40- Tween 60-’CEL-16838 G-2144 

(lauric) (palmitic) (stearic) (undecylenic) (oleic) 


Liver 

Pancreas 


G-648GT G-992GT 

(ricinoieic) (linseed) 


G.C 

40.0 


3.8 

19.6 


3.3 

10.4 


0.4 

16.S 


0.4 

1G.6 


0.0 

3.0 


0.5 

19.2 


that in attempts at therapj' they must be ad- 
ministered pre-hydrolyzed, as soaps and not 
as fats, since hydrolysis of the latter in the 
intestinal tract is likely to be inadequate. It 
should be remarked that in the human intes- 
tine even esterase reaction is weak. 

Summary. Water-soluble unsaturated fatty 
acid esters are hydrotyzed almost exclusively 
by the pancreatic t3'pe of esterase (true 


lipase) while similar esters of saturated fatty 
acids are readily attacked by esterases of both 
the hepatic and pancreatic tj'pe. This dif- 
ference is utilized in a technic for the histo- 
chemical localization of true lipase activitj’. 
The findings presented ma\' have implications 
in human pathology. 


Bcecived Nov. 21, 1949. P.S.E.B.M., 1949, v72. 


Metabolism of the Steroid Hormones. Conversion of Desoxycorticosterone 
to Glycogenic Material ht vitro.* (17547) 


Mika Hayano, Ralph I. Dorfman and D. A. Prins 
From the Departments of Biochemistry and Medicine, IPfSlcru Reserve University School of 
Medicine and Lakeside Hospital, and the Research Division, Cleveland Clinic. 


Recently, Hechter et al.{l) have reported 
the conversion of desoxj'corticosterone to 
corticosterone by the isolated adrenal gland 
using a perfusion technic. We have been able 
to demonstrate the conversion of desoxycor- 
ticosterone into material possessing glycogenic 
properties with adrenal slices and an adrenal 
homogenate preparation. 

Desoxycorticosterone, ^ either as the free 
compound or the glucoside, was incubated for 
6 hours at 38°C with adrenal slices, homo- 


* Supported in part by a grant (EG 1050) from 
the Division of Grants and PellowsMps, National 
Institutes of Health, H. S. Public Health Service. 

1. Hechter, 0., Jacobsen, E. P., Jeanloz, E., 
Lew, H., Marshall, C. W., Pincus, G., and 
Schenker, V., J. Chem. Soc., 1949, v71, 3261. 

t The desoxycorticosterone and desoxycortico- 
sterone glucoside were generously supplied by Ciba 
Pharmaceutical Products, Inc. 


genates, or a combination of both. In E.x- 
periments A, B, C (Table I) where adrenal 
slices were used, SO mg of steroid were dis- 
solved or suspended in a total volume of 25 
ml containing 0.01 M glucose, 0.062 M so- 
dium chloride, and 0.02 hi sodium phosphate 
buffer (pH 7.4). The gas phase was air. In 
Experiment D, 50 mg of steroid was contained 
in a total of 25 ml of media containing 5.0 ml 
of a 10% boiled adrenal cortical extract in 
saline, 0.01 M sodium fumerate, 0.062 hi 
sodium chloride, 0.025 hi potassium chloride, 
and 0.004 hi magnesium sulfate. The gas 
phase was air. 

At the end of incubation, 400 ml of acetone 
were added and the mixture placed in the 
cold overnight. The precipitated tissue was 
filtered with suction, ground, and extracted 3 
times with hot acetone. Tissue slices were cut 
into small pieces with a scissors before grind- 
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Bacterial Activators {Lyso kinases) of the Fibrinolytic Enzyme System 

of Serum.*" (17549) 

Jessica H. Lewis, John H. Ferguson, and Bertha G. Jackson 
From the Department of Physiology, University of North Carolina, Chapel Hill, N. C. 


In recent years, revived interest in a pro- 
teolytic enzyme system of the blood has re- 
sulted in new data and some difficulties as to 
terminology. (1,2) 

In view of the practical importance of 
fibrinolytic phenomena, we have accepted the 
‘■fibrinolysin” rather than the “trj'ptase” or 
"plasmin" nomenclatures. A brief summary 
of these terminologies and our abbreviations 
follows: 1. Lysin or fibrinolj'sin (trj'ptase, 
plasmin) ; the active proteolytic (fibrinolytic) 
enzyme; 2. Antilysin or antifibrinolj'sin (anti- 
trjptase, antiplasmin) : inhibitor of Ij'sin; 

3. Prolysin or profibrinolysin (tryptogen, 
plasminogen); the inactive precursor of lysin; 

4. Lysokiiiase (tryptokinase) : any activator 

of prolj-sin, c.g. .streptokinase, (3) staphylo- 
kinase,(4) fibrinokinase; (5) 5. Anitlyso- 

kinase (antitryptokinase) : inhibitor(s) of 
lysokinase(s), e.g. antistreptokinase.(6) 

The present study concerns methods and 
results of an e.xtensive survey of available 
bacterial tj’pes for lysokinasc activitj'. Earlier 
studies (3,7) showed that streptokinase specifi- 
cally activates onlv’’ human prolysin, while 
staphj'lokinase affects prolj'sin from human, 
dog, guinea pig, and rabbit sera but not other 
species tested. (8) This further search for 

* Tliis investigation was supported by a rescarcli 
grant from the Division of Bcsearcli Grants and 
IVlloivsIiips of tlio National Institutes of Health, 
!'• S' Dublic Health Sendee. 

1. Ferguson, J. H., Science, 1947, vlOo, 4S8. 

-• Ferguson, J. H., Quarterly of Phi Seta Pi, 
lf4S, v44, 27!). 

3. Christensen, D. B., and MacLeod, C. M., 
4. Gen. piqmiot., 1945, v28, 559. 

4. Gerhehn, E, B., Ferguson, J. H., Travis, 
L., Johnston, C. L., and Boyles, P. W., Proc. 

troc. Exp. Biol, akd Med., 1948, vGS, 240. 

3. Astrup, T., and Perniin, P. M., Nature 
(Lond.). 1947, vl59, OSl. 

Kaplan, M. H., J. Clin. Invest., 1940, v25, 
337. 

Lewis, J. H., and Ferguson, J. H., J. Clin. 
in press. 


new bacterial h'sokinases and particularly for 
an activator of bovine prolj'sin has been some- 
what discouraging. 

Materials. Thrombin. Upjohn’s bovine 
thrombin (courtesy Dr. J. T. Correll), 20 
units per cc aqueous (sterile) solution. 
Fibrinogen: 1% aqueous solution of Armour’s 
bovine “Fibrinogen,’’ pH = 7.0 ± 0.2, steril- 
ized by Seitz filtration. Prolysin prepara- 
tions: A. For Survey Tests — (1) Human 
Plasma Fraction-It (courtesy Dr. J. T. Ed- 
sall), 2% aqueous (sterile) solution, contain- 
ing fibrinogen as well as proh'sin; (2) Dog 
and Bovine Sera, sterilized bj' Seitz filtration: 
B. For Lj’sokinase Tests — (3) Human, Dog, 
and Bovine I Serum Fractions, prepared from 
pooled sera, at O'C, bj- precipitation at 25% 
concentration of ethanol, the deposit after one 
hour being recovered by centrifugation and 
redissolved in one-half the original serum 
volume of borate buffer(7) (pH = 7.75) and 
stored frozen at -20°C: (4) Bovine 11, a 
fraction prepared bj' 33% saturation of serum 
with (NHilsSOi, at I’C, as previously de- 
scribed. (7) 

Bacterial cultures. Stock cultures from the 
Bacteriolog}’- Laboratorj' of the Universitj' of 
North Carolina were obtained through the 
courtesy of Drs. D. A. MaePherson and F. L. 
Rights. The yS-hemolj'tic streptococcus (No. 
98) control culture was obtained from Dr. 
ilaxwell Finland of the Thorndike Memorial 
Laboratorj’ (Boston). .-Additional cultures 
isolated from bovine sources were made avail- 
able through the courtesj- of Dr. L. T. Giltner, 
U. S. Dept, of .-Agriculture, and Dr. H. E. 

S. Gerheim, E. B., .iiid Ferguson. J. H., Proc. 
Soc. E.xp. Biol, axd Med.. 1949, v71, 201. 

i Tills product was developed from blood, col- 
lected by the American Red Cross, by the Depart- 
ment of Physical Oieiiiistry, Harvard Medical 
School, under a contract, recomiiiciidcd by the 
Coiiiniittee on Medical Research, between tlio Office 
of Scientific Resoareii and Development and Har- 
vard University. 
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Influence of Desoxycorticosterone on Cesium Excretion in Adrenal- 
ectomized Rats.*" (17548) 

Ralph I. Dorfman and Albert IM. Potts 
From l/ie Deparimenls of Biochemhlry,' Medicine, and Surgery, Western Reserve University School 
of Medicine, and Lakeside Hospital, Cleveland, Ohio. 


Adrenal cortical steroids are known to in- 
fluence the metabolism of sodium and potas- 
sium, both members of Group I of the periodic 
table. We have studied the possible influence 
•of one of the adrenal cortical hormones, de- 
soxycorticosterone, on the excretion of ad- 
ministered cesium, the heaviest member of 
Group I. 

The method employed has been described 
previously for radiO'Sodium(l) and for radio- 
potassium (2) and need only be mentioned 
briefly here. Male rats purchased from Holtz- 
man (IMadison, Wis.) were bilaterally adren- 
alectomized. Twenty-four hours after opera- 
tion the animals were injected subcutaneously 
with 2 different doses of desoxycorticosteronet 
dissolved in 0.25 cc of com oil. Control rats 
received only 0.2 S cc of oil. One hour after 
receiving the hormone the rats were injected 
with 2 cc of an aqueous CS134+ solution con- 
taining 10.3 ftg of cesium carbonate. The rats 
were immediately placed in glass metabolism 
cages and the urine collected directly into 


ointment tins for a period of 6 hours. The 
urines were evaporated to drjmess and radio- 
cesium determined as previously described for 
radiosodium. ( 1 ) The cesium e.xcretion for the 
experimental period was expressed as the 
percentage of .the material administered. 

Table I lists the results which indicate an 
excretion of 5.20 d: 0.75% of the adminis- 
tered cesium Avithin the 6 hour period. The 
administration of 25 and 250 /ig of desoxj-- 
corticosterone had no significant influence on 
the cesium excretion. As little as one micro- 
gram of the hormone caused a significant re- 
tention of sodium (1) and 10 /tg caused a sig- 
nificantly increased e.xcretion of potassium. (2) 

Summary. Deso.xycorticosterone did not in- 
fluence the e.xcretion of administered radio- 
cesium in adrenalectomized rats. Under spe- 
cific conditions of the test 5.20% it: 0.75% 
of the administered radiocesium was e.xcreted 
in the urine within the first 6 hours. 

Kectivod November IS, 194D. P.8.E.B.Jt., 1940, v72. 


TABLE I. 

Influence of Vcsoxycoiticosteronc on Cesium E.xcretion in Adren.nicctoiuizcd H-its. 

14 rats in e.ach ojqieriincnL 


Desoxycoi ticosterone, 
pg 

5Iean bodv wt, 
g ± S.E. 

Mean excretion of 
% ± 

•Significance of 
difference, 
“t” 

0 

144 -t- 2 

5.20 - 4 - .75 


25 

138-1-2 

4.2s ± .45 

1.03 

250 

138 ±3 

4.S/ it .73 

0.31 


* Supported in p.'irt br a re.scarc)) gj-.ant (RG 234) 
from tiie Division of Kese.arcli Gr.nnts and Fcllow- 
sbips of the National Institutes of Health, U. S. 
Public Health Service, and a grant from Sharp 
and Dohme, Inc. 

1. Dorfman, R. I., Potts, A. 51., and Feil, 51. L., 
EiidocriuoloffU, 1947, v41, 464. 


2. Dorfman, R. I., Pnoc. Sor. Exp. Biol, axp 
5Ied., 1949, v70, 732. 

t The desoxycorticosterone was kindly supplied 
by Ciba Pharmaceutical Products, Inc. 

X The radiocesium was obtained from Ilonsanto 
Cliemical Co. through the U. S. Atomic Energy 
Commission. 
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TABLE I. 

Purvey of Filniiiolytic (I) and Lysokiiiase ( 11 -IV) Effects of Certaiu B.'ieteria (See text). 



I 

II 

III 

IV 



Bacterial type 

Control 

Human 

Dog 

Boriiie 

Comment 

^StrtpUirocciut iniorjcncs (^-lieniolytie) 

0 

-b-f-h-h 

0 

0 

Xo. 98 (Finland) 

*Staplaj 1 ococcus aureus (hemolytic) 

0 

4.4. 4 - 4 - 

4444 

0 

Gelatine liq. 

(.l/fcrocfifcKir inioriencs, car. aureus) 







‘StaphiiJococcus uureusi (hemnlvtie) 

0 

^ j i--j« 

< > > i 

4 — U44 

0 

? f 

1 i 

? f 

0 

-b-i- 

-b-i-b-b 

0 

J 1 

3 1 

J! J t 

0 

4 _ 4 - 

4444 

0 

19 

11 

Slrcploeoccus ptioeieucs 

(» 

4 - 4- 4- 4- 

0 

0 



'• mitis (virieJans) 

0 

4.4.4, 

0 

0 



’■VarWim tutea 

0 

-b 4 --b-b 

4 

0 

? ? 

1 1 

fiL-nioiJiosa 

_L 

4. 

- 4 -J-a-a- 

a. 

• J 

1 1 

^Klebsiella pueiimouiac (frirdlaiulcri) 

- 4 - 4 - 

4.4. 

-b-b-b 

44 



* ■ 

0 

0 

444 

0 



^Serratia m(ircr,'ir(}\s 

4 - 4 - 

^- 4 - 4 - 0 - 

6 

0 

? • 

3 1 

‘t'nlmrmrlln parahiphi 

0 

4.4.4- 

44 

0 



•? 

0 

0 

4 

ti 



J J 

4 - 4 - 

-t.4. 

44 

0 



” selioilmuflleri 


0 

4 

0 



” lypliimuriiim (acrtrycl:e) 

_L-^ 4 . 

-b 

4 

-f- 



Jj' 


0 

44- 

0 



" chnlrrae.siiis 

4 - 4 --^ 

4. 

444 

ft 



11 

^ 4 - 

- 1 - 4 - 

6 

n 



” rntcrifirlis (ejacrincri) 

4 - 

4-4.4, 

0 

(1 



” anatisi 


0 

-i. J- 

0 



'Shine.lla nmbiaua 

0 

4.4.4. 

0 

0 



i 1 

-f 

+ 

4 

p 



Sntcclln {ahorhis) sui.<i (in On) 


0 

6 

0 



” ’■ ( 5 « CO:;) 

Sncilhif. suhtilis 

4 - 

0 

0 

0 

4444 

0 

4 

J 1 

1 ♦ 

11 

f 7 

4 - 

0 

-b-b-b 

0 

11 

J 1 


-b+ 

-b-b-b-b 

-r 

1 ! 

1 1 

CloslrUVmm .septieuiu 


-b-b-b-b 

-b-b-b-b 

-b-b-b 

1 • 

) 1 

’ bntufinum 


. 4 , 4 - 4 ._U 

4444 

444 

11 

1 1 

91 


.L 4 . 4 . 4 _ 

4444 

4 

1 1 

3 1 

’’ perfrluye-ns (_h-cIcIiu) 

-f-fri-h 

-b-b+-b 

444 

-b-b-b 

1 1 

tl 


Caituros subsequently selected for lysoVinasc tests. 
I Bacteria isolated from iovine sources. 


Subsequent lysokinase studies (see below). 
The streptococcus and stapht’lococcus strains 
listed separately at the top' of Table I are 
t>pical good lysokinase producers and have 
been used repeatedly in this laboratory for 
preparation of streptokinase and staphylo- 
kinase, respectively. Strains isolated from 
bovine sources are indicated ( t ) . 

Lysokinase study. .As indicated in Table I, 
-''^kinase studies (see Methods) were at- 
tempted on alcohol-precipitated material iso- 
uted from 12 bacterial strains, namely, I. 
p-hemolytic Strep, pyogenes (human source), 

• hemolytic Staph. 'aureus (human source). 
^ hemolytic Staph, aureus (bovine source), 

• Sarcina lutca, 5. Pseudomonas aeruginosa, 
■ Klebsiella pneumoniae (Friedlander), 7. 


Serratia marccscens, S. Salmonella paratyphi, 
9. Salm. typhimurium (.Aertrycke). 10. Shlg. 
ambigua, 11. Bacillus subtilis, 12. Clostridium 
botulinum. 

Fibrinolytic tests(7) were performed after 
preliminary incubation of “lysokinase" prep- 
arations with the 4 prolysins (see Materials: 
B. (3), (4)) as follows; (1) no incubation 
(tested immediately). (2) 20 min. at 37'C. 
(3) 1 hour at 29°C. (4) 24 hours at 6°C. 
The staphylokinase of bovine origin (hemo- 
lytic Staph, aureus) activated both human 
and dog prolysins to appro.vimately the same 
lytic strength as our standard (human) 
staphylokinase. It did not affect bovine pro- 
lysin. however. The material from Clos- 
tridium botulinum (anaerobic) cultures was 
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Rhoads, University of Illinois College of 
Veterinary Medicine 

Stock vtedium jor survey tests. “Yeast 
peptone,” containing yeast extract (1%), 
tryptose (2%), dextrose (0.2%), NaCl 
(1.6%), pH = 7.6 ±; 0.2, sterilized by auto- 
claving. This double strength stock medium 
was diluted by the other materials of the test 
mixtures (see below). Uninoculated mixtures 
of medium plus fibrin clots, with and without 
added prolysin (human, dog, bovine), showed 
no fibrinolysis. 

Methods. The first procedure was a gen- 
eral survey of all available bacterial cultures 
for fibrinolytic activity as manifested during 
growth in medium -}- fibrin clots, with and 
without added prolysins. Secondly, selected 
cultures showing positive results in the survey 
test, were followed up with attempted isola- 
tion of a partially purified h'sokinase by the 
standard alcoholic precipitation of culture 
filtrates as used for strep tokinase(9) and 
staphylokinase.(4) 

Survey method. For aerobes, sterile fibrin 
clots (with nutrient medium), in 13 X 100 
mm tubes, were inoculated from 24 hour broth 
subcultures by stabbing and seeding of sur- 
face. For anaerobes, the clots were doubled 
in volume and covered with paraffin. Control 
(no prolysin) and prolysin-containing clots 
were incubated at 37°C and observed after 24 
and 48 hours. Bacterial tubes in which growth 
was not satisfactory were repeated or dis- 
carded and in those reported growth was suc- 
cessful. Each bacterial strain was tested in 
the following 4 clot mixtures: I. Control (no 
prolysin): 1 cc medium -f- 1 cc fibrinogen -p 
0.2 cc thrombin; II. Human: 1 cc medium + 
l.S cc Human Plasma Fraction-I (prolysin 
and fibrinogen) + 0.2 cc thrombin; III. Dog: 
O.S cc medium + 0.5 cc dog serum (prolysin) 
-4- 1.0 cc fibrinogen + 0.2 cc thrombin; IV. 
Bovine: 0.5 cc medium -f 0.5 cc bovine serum 
(prolysin) + 1.0 cc fibrinogen -f- 0.2 cc 
thrombin. 

Lysokinasc study. Bacteria selected as a 
result of the survey test (see above) were cul- 
tured for 24 hours in 500 cc Bacto heart in- 
fusion broth and centrifuged subs equently to 

1934, v60, 239. 


remove suspended bacteria. The selected 
anaerobe (Cl. bofulimis) was grown in thio- 
glycollate broth. The “lysokinase,” in each 
instance, was prepared by the alcoholic pre- 
cipitation method of Garner and Tillett,(9) 
yielding a dry powder, subsequent!}^ prepared 
for use as a 1% solution in borate buffer and 
tested for activation of human, dog, and bo- 
vine prolysins .(see Materials), utilizing meth- 
ods previously described.(7) 

Results. Survey study. Seventy-seven cul- 
tures of 40 t}'pes of bacteria were satisfac- 
torily submitted to the lysis tests of the 4 
types noted under Methods. Some common 
organisms were omitted because cultures were 
unavailable at the time or, in some cases, 
because of failure to grow under the test 
conditions. Completely negative results (no 
significant lysis of any of the clots) were 
obtained with: Streptococcus pyogenes (5 
strains, inch 1 erysipelatis — ^but cj. Table I), 
Strep, f a c c al i s, Strep, acidomhtium 
(uberis), Strep, mifis (viridans — 3 strains — 
but cf. Table I); Micrococcus (Staphylococ- 
cus) citreus, Micr. pyogenes, var. albus 
(Staph, albus — 2 strains): Gafflcya tetra- 
gena; Neisseria cafarrhalis; Corynebactcrium 
pseudodiphtheriticum ; Vibrio mctschnikovii; 
Alcaligeties jaecalis; Escherichia coli (3 
strains); Acrobacter aerogcncs (3 strains); 
Proteus vulgaris (1 strain): Salmonella 
( Ebert hclla) typhosa (2 strains): Shigella 
paradysenferiae (7 strains). Slug, sotmei 
(2 strains); Pastcurella multocida (suilla), 
Past, pseudotuberculosis ; Brucella melitensis,t 
Bruc. abortus,* Bacillus megatherium ; Myco- 
bacterium phlci. 

Table I summarizes the survey tests on al! 
bacteria which produced significant fibrino- 
lysis in any of the clots, whether in the control 
(I). without prolysin, or in the presence of 
human (II), dog (HI), or bovine (H ) pro- 
lysin. The degree of lysis is roughly quan- 
titated 0 r+++. Under Comment is 

noted the ability to liquefy gelatine, and the 
lack of correlation between this property and 
the fibrinolytic phenomena is noteworthy. 
Individual cultures of the same type often 
varied in the results of these tests. The strains 
asterisked in Table I were selected for 

i Grown botti .norniiicatlv .'mA in 
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TABLE I. 


Effect of Pertile Eggs Upon Deterioration of Aureomydn at 37°C. 


Hr of incubation 


iledium 


Infusion broth 

Intact egg 

Homogenized egg 

0 

50.* 

50 

50 

24 

<12.5 

25—50 

25-50 

48 

2.0 

32 

16 

72 

— 

16 

8 

96 

2.0 

— 

6 

144 

1.0 

12 

,4 

IGS 

0.5 

12 

3 


Aureomycin concentrations (jug/nil). 


signed to test such a possibilit\% it ivas found 
that when 7-day old embryonated eggs were 
inoculated by the yolk sac route with aureo- 
mycin most of the aureomycin activity could 
still be demonstrated in the egg fluids as long 
as 7 days after inoculation. The presence of 
actively niultipMng psittacine virus did not 
affect the persistence of the aureomycin activi- 
ty. The following e.x'periments were, therefore, 
performed to determine whether a substance 
exists in eggs which permits aureomycin to 
retain its potency despite prolonged incuba- 
tion under conditions which usually destroy 
the activity of the antibiotic agent. 

Methods. Aureomycin hydrochloride^ was 
made up to the desired concentration in brain 
heart infusion brotli (Difeo). pH 7.2. Aureo- 
mycin levels were determined by a serial 2- 
fold dilution method similar to that used for 
penicillin (10) using separate pipettes for each 
dilution. Bacillus No. of was the standard test 
organism. All test fluids were incubated at 
37‘’C. 

Experimental. Tests in Emhryonated Eggs. 
In the first e.vperiments it was sought to de- 
termine whether the protective factor was 
found only in relation to intact chick embryos. 
Seven-day old embryonated eggs, with an 
average weight of 61.0 g and an assumed 
average volume of 40.0 ml of fluid were used. 
A dose of 2.0 mg of aureomycin in 0.25 ml 
of broth was injected into the allantoic sac 
of each embryo. Control eggs received the 
Same amount of broth containing no drug. 

» Supplied in crrstalline form in sterile vials 
hy Lederle Lalioratories. 

10. I!ammcl)<amp, C. H., Proc. Soc. Exp. Biol, 
axd JIed., 1942. v51. 3Sf.. 

§ Olitaincd from Dr. B. II. Duggar. 


Three uninociilated embryonated eggs were 
each homogenized aseptically in a Waring 
blendor; 2.0 mg of aureomycin in broth were 
added to 2 of them and a comparable volume 
of broth alone was added to the third. The 
homogenized eggs and the intact fertile eggs 
were then incubated. At intervals thereafter 
fertile eggs were homogenized and their con- 
tents of aureomycin assayed and compared 
with those in the eggs originally homogenized. 
.\ control tube containing 2.0 mg of aureomy- 
cin in 40 ml of broth was also included. The 
results appear in Table I. It is seen that both 
in the intact and in the homogenized embrj-os 
the rate of deterioration of aureomycin at 
37° was much slower than in the broth. The 
protective effect was probably unrelated to 
differences in hydrogen ion concentration: — 
the pH of recently homogenized eggs, as de- 
termined with a Beckman potentiometer, was 
found to vary between 7.1 and 7.3: that of 
homogenized eggs after prolonged incubation, 
was 7. 1-7. 2, and that of the control broth was 
7.2. In no case did eggs without aureomycin 
e.xert any significant effect on the grow’th of 
the test organism. 

Tests with Xonjertile Eggs. Xonfertile 
eggs were examined for their capacity to de- 
lay the deterioration of aureomycin. and the 
relative potencies of yolk and albumen, in this 
regard, were also determined. .An egg show- 
ing no evidence of fertility was homogenized 
in the blendor and 1.0 mg of aureomycin added 
to 20 ml of the emulsion. The yolk and albu- 
men of another non fertile egg were separated 
aseptically and aureomycin added to each in 
the same concentration. Broth and a 235^ 
solution of human serum albumin, each con- 
taining the same concentration of aureomycin, 
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actively fibrinolytic but lysed clots containing 
prolysins in longer times than the prolysin- 
free control (lysis time; IS min.) so that its 
action is presumably due solely to a proteo- 
lytic enzyme from the bacteria themselves. 
All other materials gave negative results in 
concentrations of 0.06-1.0%. There were in- 
sufficient materials for testing at higher con- 
centrations. 

Discussion. Omitted from these studies 
were a number of bacterial types, some of 
which were known to have been tested by 
earlier workers, with the older “fibrinolytic” 
technics. Tillett(lO) reviews a number of 
these and particularly states that the pneumo- 
coccus gives negative results. Our data clearly 
show that fibrinolytic activity is encountered 
in cultures of a wide variety of bacteria, but 
only in the case of certain hemolytic strepto- 
cocci and staphylococci can a definite lyso- 
kinase be demonstrated. The results with 

10. Tilk'tf, AV. S., Bact. Hcv., 1938, v2, 161. 


Clostridium bottdinum show tlie need for the 
prolysin-free control test. Fibrinolytic activ- 
ity appears to be unrelated to the gelatine 
liquefaction test. 

Sunmiary.' In a survey test of 77 satisfac- 
tory cultures of 40 bacterial types, fibrinolytic 
phenomena were encountered in 19 types (33 
cultures) of bacteria tested. Only certain 
hemolytic streptococci and staphylococci gave 
positive results with a specific test for lyso- 
kiiiasc, however, and these organisms were not 
directly fibrinolytic nor able to activate bovine 
profibrinolysin. Direct fibrinolytic activity 
may occur in cultures when (e.xcept in the 
case of Cl. botulimim) it is not found in the 
alcoholic precipitate. The failure to obtain a 
lysokinase in at least 6 types of bacterial cul- 
tures whicli gave good results in the survey 
test is disappointing, as is the failure to find a 
kinase for bovine profibrinolj'sin. 

Received October 4, 1949. P.S.13.13.M., 1949, v72. 


A Substance in Egg Yolk Which Inhibits Deterioration of Aureomycin 

Activity.* (17550) 

C. Ray Womack, Edward H. Kass,! E. Buist Wells and Maxwell Finl.and 

From the Xliornfli'ke Memorial Lalyoraiory, Second and Fourth Medical Services, (Harvard). 
Boston City Hospital and the Department of Medicine, Harvard Medical, School, Boston, Mass. 


'In the treatment of chick embryos infected 
with psittacosis virusfl) the single dose of 
aureomycin required to protect 50% of in- 
fected embryos for 7-9 days was found to be 
one-third to one-fourth as great as the dose 
of Chloromycetin required to produce the same 
effect. This finding was unexpected in view 
of the rapidity wth which aureomycin deteri- 
orates hi vitro at 37°C under neutral or slight- 
ly alkaline conditions (2-6) as well as the rela- 
tive stability of chloramphenicol under similar 

* Aided by a research grant from the Division 
of Besearcii Grants and Fellowships of the F!n- 
tional Institutes of Health, H. S. Public Healtli 


Service. „ .. 

t Senior Fellow in Virus Diseases, National 

Research Council. 

1. Wells, E. B., and Finland, M., Proc. SoC. 
Exp. Biol, .vnd Meu., 1949, v<2, 305. 


circumstances. (7-9) It appeared possible, 
therefore, that some [actor, present in the em- 
bryonated egg, protected aureomycin from de- 
terioration. In preliminary e.xperinienfs, de- 


2. Paine, T. F., Jr., Collins, H. S., and Finland, 
M., J. Bact., 1948, v5G, 489. 

3. Bliss, E. A., and Chandler, C. A., Proc. Soc. 
Exp. BtOL. .vnu Med., 1948, v69, 407. 

4. Dornhush, A. C., and Peleak, E. .T., H/ia. iSetc 
Tori- Jcarl. Sc., 1948, v51, 218. 

5. Mcad.s, Jl., Haslain, X. M.. and iStevens, 
K. M., Xorih Carolina Med. J., 1948, v9, uOS. 

C. Price. C. W.. R.ind.-ill, W. A., .and Welch, II.. 
Ann. Xew Fork Acad. Sc., 1948, v51, 211. 

7. Ehrlich, J., B.artz, Q. R., Smitli. R. M., and 
Joslyn, D. .A., Science, 1947, vlOG. 417. 

8. ' Bartz, Q. B., J. Biol. Chrm., 1948. vl72, 44.1. 

9. Gottlioh. D., Bhattacharyya, P. K., Anderson, 
II. W., and Carter, H. E., J. Bact., 194S, v.ll, 409. 



709 


Fractionation of Amino Acid Mixtures in Acetone by Means of Alkyl Acid 

Phosphates.^ (17551) 

E. \\ jMcCollum, Agatha A. Rider and Hanna Suss 

From The Johns Hopkins University, Baltimore, Md. 


In a former communication(l) we de- 
scribed the property of solvating amino acids 
in dry acetone or dio.xane, which is possessed 
by S organic acids, di- and trichloroacetic 
acids, and certain sulfonic acids. The pur- 
pose of the present communication is to state 
that we have found that several alkyl acid 
phosphatest also possess the property of 
solvating a dry mixture of amino acids in dry 
acetone. These may be used for diedding a 
protein hydroh'sate into a series of fractions 
containing one to six or seven amino acids, 
certain of these composing a high percentage 
of the individual fractions. On adding am- 
monia to acetone solutions of amino acids 
formed by the aid of alkyl acid phosphates, 
both amino acids and the ammonium salts of 
the reagent-acids precipitate together. This 
property of alkyl acid phosphates contrasts 
strong!}- with that of many sulfonic acids, 
which, under these conditions, form salts with 
ammonia which are readih- soluble in acetone, 
permitting the precipitated amino acids to be 
separated from the solvating agent. The tri- 
ethylamine (T.E..^.) salts of the alkyl acid 
phosphates are soluble in acetone. This 
property permits the amino adds to be sep- 
arated from the reagent by means of this base. 

Individual amino acids show marked dif- 
ferences in solubility in an acetone solution of 
octyl, n-amy], iso-amyl, n-butyl, iso-butyl, n- 
propyl and iso-propyl acid phosphates. Table 
I illustrates the contrasting solvating power 
of 5 reagent acids for 9 amino acids. We 
designate by the term proline equivalent, the 
ratio of the amount of a reagent necessar}’’ to 
dissolve one equivalent of amino acid to the 

Tills invcstig.'itinii w.ts supported in p.nrt by a 
Rmiit-inaid from Nutrition Foundation, Inc. 

1. McCollum, E. V., .and Rider, Agatim A.. 
Science, IPIS, vlOS, 111. 

t The authors are indebted to Monsanto Chemi- 
cal Co.. St. Louis, Mo., through the courtesy of Mr. 
I’aul Loguc. for the samples of alkyl acid phos- 
phates employed in this investigation. 


amount of the same reagent necessary to dis- 
solve one equivalent of proline. 

The amino acids in a hydrolysate e-xert 
marked influence on each other's solubility in 
acetone-alkyl acid phosphate solutions. Much 
less acetone-reagent is required to dissolve a 
given weight of dry protein hydrolysate than 
is necessary to dissolve the component amino 
acids of the sample in the isolated state. There 
is, however, pronounced selectiviti- in the 
order in which certain amino acids are dis- 
solved when successive portions of an acetone- 
reagent are passed through a sample of hy- 
drolysate contained in a filtering crucible. 

Table II illustrates some contrasting prop- 
erties of alkyl acid phosphates in solvating 
power for a casein hydrolysate.^ It also shows 
the differences in e.vtent of precipitation of 
amino acids from their acetone-reagent-hy- 
drolysate systems after neutralization with 
triethidamine, and the degree of comple.xity 
of the more difficultly soluble residues not 
brought into solution in our e.xperiments. 

.-1 Procedure jor Fractionation oj a Protein 
Hydrolysate. .A 10 g sample of the dr}% finely 
ground, hydrolysate is thoroughly mi.xed with 
an equal weight of anhydrous calcium sulfate 
(Drierite), and the mixture is placed in a sin- 
tered glass crucible equipped with filter flask 
and suction connection. A test tube is placed 
inside the filter flask to collect the filtrate. 
The amino acid-Drierite mixture is thorough- 
ly wet with the reagent {c.g. a 0.2 N solution 
of an alkyl acid phosphate in acetone), the 
contents of the crucible are stirred for a 
definite time (usually one minute), suction is 
applied, and the solution in the crucible is 
sucked through into the test tube. .Another 
portion of the reagent is then added, and the 

i Tlie .luthors are indebted to National Dairy 
Products Corp. Researeli Laboratories, Oakdale, 
L.I., tlirough tlic courtesy of Dr. Arnold 11. 
.Tobiison, for tlie sample of bydroelilorie acid 
casein hydrolysate, their “Hycase. ’’ a s;iU-free 
nreparation. 



Inhibitor of Aureomycin Deterioration 


^ . TABLE II. 

Effect of Ajoiifert^ Eggs, EggYolknnd Egg Albnmcn on Detcriorntion of Aiireomyciii at 37°C. 


Jlediuni 


Hr of 
incubation 

Infusion 

broth 

Homogenized 
nonfertile egg 

Egg yolk 

Egg nlbiimcn 

> 

2o% buman 
serum albumin 

(1 

C4.0* 

04 

04 

04 

64.0 

24 

8.0 

32 

64 

8 

10.0 

72 

2.0 

16 

32 

4 

O.o 

144 

1.0 

4 

16 

4 

<0.1 


* Aureomycin concentrations (//g/inl). 


served as controls. Aureomycin levels were 
determined immediately and at intervals after 
incubation. The results, which appear in 
Table II, show that the nonfertile egg also 
has the capacity to protect aureomjxin from 
deterioration. Furthermore, the protective 
substance was found in tlie yolk. Thus, where- 
as the broth controls and the tubes contain- 
ing egg and serum albumins retained but one- 
eighth of the original activity after 24 hours 
of incubation, there was no significant loss in 
the presence of whole egg or egg yolk alone. 
Even after 72 hours of incubation, when a 
32-fold loss had occurred in the broth controls 
and a 16-fold loss in the presence of egg 
albumen, there was but a 4-foId deterioration 
in the presence of whole egg and a 2-fold de- 
terioration in the presence of egg yolk. A 
2- to 4-fold variation in activity has generall}’ 
been considered to be witliin the limits of 
error of the method. The effect of dilution 
of egg 3 ’olk on its capacitj^ to protect aureo- 
mycin from loss of potency is demonstrated 
in Table III. Egg 3 -olks from nonfertile eggs 
were mixed wth broth in varying proportions 
and sufficient aureom 3 "cin added to achieve a 
standard concentration of SO ng per ml. It 
is seen that when egg 3 mlk has been diluted 
beyond 1:4 its capacity to protect aureomycin 
from deterioration diminishes. 

Subsequent e.xperiments have shown that 
the protective substance in yolk resists heating 
at for 80 minutes. Studies still in prog- 
ress indicate that this protective substance 
remains active after heating for one hour at 
100°C and, under certain conditions, even 
after autoclaving at 120° for IS minutes. 

Discussion. The rapid rate of deterioration 
of aureomycin activity upon standing has 
been a constant source of concern to those 


TABLE III. 


Iiiliibitioii of Dcfcrior.ition of Aurcoinyeui at 37°C 
by A'^aryiiig Dilutions of Egg Yolk in Brotli. 


Final dilution 
of egg yolk 


Hr of incubation 

'o 

24 72' 

1:2 

32* 

32 8 

1:4 

32 

32 4 

1:10 

32 

16 2 

1:20 

32 

10 2 

1:100 

32 

8 1 

Broth alone 

. 32 

8 1 


‘Aureomycin concentrations (^g/ml). 


working with this antibiotic. Stringent pre- 
cautions are necessary to avoid loss of aureo- 
m 3 ’cin activit 3 '’ in body fluids withdrawn for 
assa 3 ', and even then aureomycin deteriorates 
during the period of incubation required for 
assay. (3) Whether similar deterioration oc- 
curs within the bodv is not clear; however, 
significantly large amounts of injected aureo- 
m 3 -cin remain unaccounted for after assay of 
body fluids. The mechanism of the destruc- 
tion of aureomycin is quite unknown, (6) but 
it is manifestly of value to seek a substance 
which will inhibit this destruction. It has 
been shown in the present studies that such 
a substance exists in egg yolk. Further studies 
on the isolation, characterization and proper- 
ties of this substance are now in progress. 

Siiwviary. A substance (or substances) 
found in egg 3 'olk, inhibits the deterioration of 
aureomycin activity which ordinarily occurs 
upon incubation at '37°C. The protective agent 
is heat stable and of sufficient concentration to 
permit dilution of egg yolk to 1:4 without 
significant diminution of aureom 3 'cin-protec- 
tive action. Egg albumen and human serum 
albumin are not protective in the concentra- 
tions used. 

Received November IS, 1910. P.S.E.B.^t., 1919, v7-. 
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Summary. Seven alkyl add phosphates 
have been found able to solvate amino acids 
in dn' acetone. INIarked differences in solvat- 
ing power are showm by these reagents for 
individual amino acids, and for selective sol- 
vation of amino acids from comple.v mi-vtures 
such as a protein hydrolysate. IMLvtures of 
amino adds greatly influence each others’ 
solubility when fractionation is effected by the 
method described. 

MTien systems consisting of acetone-amino 
acid-solvating reagent, are neutralized with 


triethylamine, amino acids are precipitated, 
but never quantitatively. Marked differences 
occur in the e.vtent to which the dissolved 
amino acids predpitate wnth this treatment; 
c.g. 90% were precipitated from the n-propyl, 
as against but 45% from the isopropyl system, 
when the amino adds were solvated from a 
dr}’- casein hydrol 3 ’sate. 

These reagents offer prospects for usefulness 
in the fractionation of amino acid mi.vtures. 

Beceived Xovember IS, 1949. P.S.E^.M., 1949, V72. 


The Cardiac Output and Circulation Time of Ferrets.*^ (17552) 

J. E-mersox Kempp axd H. T. ChaxgI 

From the Department of Bacteriology, University oj Illinois College oj Medicine, Chicago. 


The ferret was first used as a laboratory 
animal by Dunkin and Laidlaw for the study 
of canine distemper.(l) Subsequently it was 
also found to be susceptible, under e.vperi- 
mental conditions, to other viral infections 
such as influenza, (2) fowlpo.'r,(3) swineherd’s 
disease,(4) Rift Valley fever, (5) a strain of 
poliomyelitis virus, (6) and Ijnnphocj’tic 
chorio-meningitis.(7) In influenzal infection, 
experimental investigations employing ferrets 
have contributed a great deal to our knowl- 
edge of the patholog}’(8) and epidemiol- 
Ocl’(9) of this important disease. Other 


* TMs iuvcstjgatiou was supported in part by a 
researclj grant from the Division of Research 
tyrants and Fellowships of the Xational Institute 
of Health, United States Public Health .Service. 

t Besearch fellow in iledicine. University of 
Illinois College of Medicine. 

1. Dunkin, G. M., and Laidlaw, P. P., J. Comp. 
I’atti., 1926, v39, 201. 

2. Smith, W., ct aX., Lancet, 1933, v2, 66. 

3- Pindlay, G. M., and Mackenzie, R. D., Brit. J. 
Frp. Path., 1937, ylS, 146. 

4- Lurand, P., C. R. Acad. Sc., 1936, v203, 957. 
5. Francis, T., and Magill, T. P., d. Exp. Med.. 

1935, v62, 433. 

0- Patocka, F., Zhl. Bact. Alt. I Orta., 1941, 
15. 


"• Dalldorf, G., J. Exp. Med., 1939, v70, 19. 

3. Perrin, T. L., and Oliphant. J. W., Pullie 
licallh p,ep.. Trash., 1940, voo, 1077. 


aspects of the infection, such as the problem 
of the toxicity of the virus and the alterations 
in the infected host’s physiological functions 
are fields relatively une.xp]ored. It seems that 
the ferret, because of its larger size, might 
serve better than the mouse or other rodents 
for investigations of these problems. Except 
for a general description by Pyle, (10) we are 
not aware of any detailed report dealing with 
the normal physiology of this animal. The 
present stud}' dealing with the cardio-vascular 
function of normal ferrets was initiated in 
order to obtain such data before investigations 
of pathological physiolog}’ were undertaken. 
Cardiac output determined by the direct 
Fick principle, arterial blood pressure, and 
circulation time measurements were selected 
to depict the status of the animal’s cardio- 
vascular functions. 

Materials and methods. 1. Animals'. North 
.American ferrets {Putorius putorius)t of both 
sexes with body weights varying from 700 to 
1100 g were used. The body surface was 
calculated by the formula: (II) Surface area 
in square meters = (body -weight in g)?3 X 

9. Commission on Acute Respiratory Diseases, 
Am. J. Sygiene, 194S, v48, 292. 

10. Pyle, X. J., Am. J. PulXic Health, 1940, r30, 
787. 

t Identified by Mr. K. P. .Sclimidt, curator of 
zoology, Xatural History Museum, Oiicago. 



710 ■ Fractionation of Amino Acid Mixtures 

TABLE I. 


ProHne Equivalents of AJkyl Acid Phosphates in 0.2 K Solutions in Acetone. 


Amino acid 

Octyl 

n-Amyl 

n-Butyl 

n-Propyl 

Isopropyl 

Proline 

1 

1 

1 

1 

3 

Isoleucine 

3 

2 

4 

3 

1 

Pli. alanine 

e 

G 

7 

O 

2 

Leucine 

6 

4 

5 

13 

0 

HO-proline 

12 

7 

14 

5 

3 

Tryptophan 

14 

3 

7 

<7 

1 

Tlireonine 

16 

5 

7 

4 

2 

Serine 

42 

42 

19 

9 

11 

Glut.amic acid 

58 

70 

42 

23 

8 


TABLE II. 


Solvating Poiver of 0.2 Is Solutions of Alkyl Acid Phosphates, Precipitates Yielded on Neu- 
tralization nlth Triethylamine (T.E.A.), and Chromatographs of an Undissolved Pesidue. 


Alkyl acid 
phosphate 

% of sample of a 
casein hydrolysate 
readily soluble. 

% of soluble material 
precipitated on 
addition of T.E.A. 

EesuUs of chvomat- 
ograpliing the 
insoluble material 

Bemarks 

Octyl 

97 

85 



n-Amyl 

45 

80 

— 

* 

Iso-amyl 

95 

75 

3 spots 


n-Butyl 

97 

68 

— ' 


Iso-butyl 

97 

80 

1 spot 

Tyrosine 

n-Propyl 

97 

90 

2 spots 


Iso-prop.vl 

100 

45 

— 

t 


The utnyl acid phosphate-insoluble material has been provisionally identified as the basic 
amino acids, methionine, tjTosine (and possibly serine), alanine, proline, valine, and the leucines. 
This insoluble fraction contains all of the tyrosine. The moiety rvhieh is soluble in amyl acid 
phosphate, and preeipitable rvith triethylamine, has been tentatively identified as a mixture of 
some of each of the basic amino acids, aspartic acid, glutamic acid (and possibly serine), 
phenvlalanine, nnd/or valine, alanine, methionine, proline, and the leucines. _ All of tlie glu- 
tamic and aspartic acids are found in the soluble and preeipitable material. The soluble 
material which remains in solution after neutralization with T.E.A. appears to contain almost 

I^mie portion of the hydrolvsate which precipitates from solution with iso-propyl acid phos- 
phate after the reagent is neutralized with T.E.A. exliibits 6 spots when exainined by ascending 
chromatography using 77% ethanol. These spots have been shown to be arginine, 

Irsine glutamic acid%nd possibly serine), aspartic acid, alanine, and the leucines. Glutamic 
add lyfine and arginine predominate in this mixture. Histidine and aspartic acid are present 

onlj in traces. 


process of stirring and filtration by suction is 
repeated until the desired volume of filtrate 
has been collected. The apparatus is then dis- 
assembled, the test tube containing the filtrate 
is replaced by an empty one, the apparatus 
reassembled, and the process of fractionation 
continued. The size of the filtrate fractions 
taken off will be determined by the number of 
fractions it is desired to make from the hy- 
drolysate sample. We have made as many 
as 50 to 60 fractions in this manner, but ex- 
perience has shown that, for our objectives, 
W to 20 fractions are all that it is wor A while 
to make in the first fractionation. The frac- 
Lstu secured are precipitated by neutral- 
Sion of the solvating add reagent by ad- 
dition of triethylamine, whereupon a certain 


portion of the dissolved amino acids is precipi- 
tated, as shown in Table II. 

Fractionation with Amyl Acid Phosphate. 
When a sample of casein hydrolysate is frac- 
tionated. with 0.2 N amyl acid phosphate in 
acetone according to the procedure described, 
the resulting fractions, when chromatographed, 
show that much simplification has occurred 
as compared with the original hydrolysate. 
The first increments of reagent which are add- 
ed dissolve greater weights of hydrolysate per 
cubic millimeter than do later additions. These 
facts indicate that the solvating action of the 
reagent is a selective one, and that the un- 
dissolved fraction of the hydrolysate is con- 
tinuously changing in composition as the 
fractionation proceeds. 
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mm of mercury. 

Circulation time measured by the fluores- 
cein technic (6.S sec.) was longer than that 
determined by the cj'anide method (4.5 sec.), 
because of the greater distance the dye had to 
traverse when it was injected through the 
femoral instead of the superficial neck vein. 
The cyanide technic gave a sharper end- 
point. although it has the objection of includ- 
ing the reaction of the respiratory center in a 
function test primarily for the circulatory 
system. The short circulator}- time of ferrets 
rendered it very likely that technical errors 
such as the rate of injection and promptness 
in perceiving the endpoint would jeopardize 
the reliability of the results. 

Discussion. In this group of animals, all 
the common conditions known to alter cardiac 
output as ingestion of food, hemorrhage, exer- 
cise and o.vygen content of the inspired 
air(14) had been eliminated or made as uni- 
form as possible. The only uncontrollable 
factor was the individual variations in re- 
sponse to the effect of the anesthetic used. In 
dogs, Shore(15) had shown that the effect of 
barbituric anesthesia on cardiac output was 
quite variable during the course of their e.x- 
periments. The differences between successive 
determinations on the same animals were as 
high as 35%. Furthermore, anesthesia might 
cause hypoventilation or atelectasis, both of 
which would interfere with normal cardiac 
function. The individual variations in the 
cardiac output of our normal animals were 
partly technical and partly real. Our results 
agreed with those of Warren ct ah on human 
subjects(I6) in that arterial blood o.xygen 
showed less variable results, provided that 
hematocrit readings were fairly constant. 
Greater degrees of variations, however, were 
encountered in the measurements of o.xygea 
consumption. Because of these variations, 
they concluded that, “results are valid only 
when groups rather than individuals are 
studied.” 


14. Whitelioni, \V. V., ct at.. Am, J. Phijsiot,, 
vl46, 01 . 

13. Short*. R.. and Ivnocfol. I*. K„ Am. J. 
Phimn}.„ 1943. vl43, 709. 

IG. Warron. .1. V., ct n/,. Am. J. Phi/siot., 1.043, 
vl43» 45S. 
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1/1000. The validity of the calculated value 
was carefully checked by actual measurements 
on the animals. 

2. Circulation time. The e.xperiments were 
performed in the morning on fasting animals. 
Anesthesia was induced by intraperitoneal 
injection, of a solution of -sodium nembutal, 
30 mg per kg of body weight. Ten minutes 
later, the animal was placed on a board in 
supine position. Circulation time was then 
determined by the use of two technics: (a) A 
short incision was made in the left inguinal 
region and the femoral vein isolated. °Five- 
tenths ml of a 10% sodium fluorescein solu- 
tion was quickly injected into the vein. The 
interval between the beginning of the injection 
and the appearance of a green fluorescence in 
the oral mucous membrane, observed under 
ultra-violet light, was accurately timed; (b) 

A superficial vein in the neck was isolated and 
two-tenths ml of a 1% sodium cyanide solu- 
tion was injected. The time from the begin- 
ning of the injection and the appearance of a 
deep inspiratory movement was noted. 

3. Cardiac output. An incision was next 
made in the midline of the neck exposing the 
trachea for cannulation. The left common 
carotid artery was freed and cannulated with 
a No. 20 needle with a blunt bevel, connected 


catheter to prevent clotting, 
the catheter was fixed by 
around the vein. 


The position of 
tying a ligature 


The cardiac output was determined accord- 
ing to the direct Fick principle.? The oxygen 
consumption was measured by connecting* the 
cannula to a spirometer containing 
lOO/o oxygen. The volume of oxj'gen con- 
sumed was readily calculated from the kymo- 
graphic tracing. As soon as the tracheafcan- 
nula was linked to the spirometer, a l.S ml 
sample of arterial blood was withdrawn from 
a three-way stopcock which was connected 
to the common carotid artery for the blood 
pressure determinations. A sample of venous 
blood (1.5 ml) was then quickly drawn from 
the polj'thene catheter. Both samples of blood 
were drawn into paraffined syringes and de- 
livered immediately under a layer of paraffin 
oil in tubes. Determinations of the oxygen 
contents of these samples were made without 
delay according to the method of Van S}3'ke 
and Neil. (13) Five-tenths ml samples of 
blood were used for each determination and 
duplicates checked within 0.1 vol. %. Before 
the animal was killed, 1 ml of venous blood 
was taken from the polythene catheter, 
heparinized, and hematocrit readings were 
made bj' Wintrobe’s method. 


to a mercury manometer which registered on 
a kymographic drum. The external jugular 
vein on the opposite side was dissected free 
and its cephalid end was tied. With the use 
•of a specially constructed forceps (12) having 
sharp thin tips, an opening was made and 
held open in the wall of the vein. A No. 025 
polythene catheter with metal stylet was in- 
troduced into the vein between the opened 
forceps. The catheter was advanced carefully 
toward the heart. The final position of the 
tip of the catheter was ascertained by placing 
the animal under a fluoroscope and mtb fur- 
ther-manipulations the tip was made to lie 
in the right ventricle. The stylet was then 
removed and 0.2 .ml of a 10% heparin 
solution in saline was introduced into the 

11. P ’Amour, T. E., and Blood, F. B., Manual 
for ial). Work in Mammalian Physiology, Exp. 
No 26, Vniv. Chicago Press, 1948. 

12. Haas, E., and Goldblatt, H., Science, 1948, 

rl08, 166. 


Results. Our findings (Table I) on the 
average rectal temperature and respiratory 
rate among the 10 normal animals were lower 
than those reported by Pyle (10) chiefly be- 
cause our readings were made on anesthetized 
animals. Ferrets were easily e.xcitable ani- 
mals and such readings taken on unanes- 
thetized animals were subject to wide fluc- 
tuations. The cardiac output, e.xpressed in 
the form of cardiac index, was calculated in 
terms of liters per square meter of body 
surface per minute and was on the average 
Z.476 ± 0.75 liters. The average oxygen 
content of arterial blood was 15.7 vol. % and 
that of venous blood 10.2 vol. %. The ' 
average mean arterial blood pressure -n-as 147 

$ Cardiac output = 

Oxj'gen consumption in ml per minute 

(Arterial O content) — (Venous O content) 

13. Peters and Van Slyke^ tpuonfifalive Clinical 
Chemistri/, Vol. 2. p. 321. 
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TABLE 1. 

Effect of ilethyl Folic Acid on Deposition of Alkaline Pliospliatase after Treatment witli 

Estradiol. 


No. of 
clucks 

Diet 

Estradiol, jig 

Body wt, g 

Oviduct wt, mg 

Alkaline 

phosphatase 

3 

Control 

— 

05 

17.3 

0 

♦1 

i i 

50 

112 

29.0 

3+ 

s 

Antagonist 

— 

70 

13.2 

0 

s 

J i 

50 

CS 

10.2 

1-1- 


TABLE II. 

Effect of Crude Methyl Folic Acid and a Folic Acid Free Diet on Deposition 
Phosphatase after Treatment with Stilbestrol. 

of Alkaline 

No. of 
chicks 

Diet 

Stilbestrol, nig 

Body wt, g 

Oviduct WT, mg 

Alkaline 

phosphatase 

6 

Control 



157 

17.3 

3.7+ 

7 

J 3 

0.5 

159 

436.3 

3.7+ 

5 

Smthetie 

— 

79 

12.8 

1.6+ 

7 

? J 

0.5 

71 

78.5 

1.7+ 

G 

Antagonist 

— 

73 

12.2 

1.9+ 

7 

33 

0.5 

68 

69.2 

0.7+ 


^iet(6) supplemented iritli all the knoivn vita- 
mins e.vcept folic acid. Starting on the 13th 
<ia.v of feeding the special diets, 7 chicks in 
fach of the 3 diet groups received 0.5 mg 
stilbeslrol daily for 5 days. All chicks ivere 
killed 24 hours after the last injection and 
autopsied as in Exp. 1. In order to obtain 
information ivith regard to the relative amount 
of phosphatase present under the various .con- 
ditions of the e.xperiments an arbitrar\' scale 
’"'as established ranging from 0 reaction for 
tissue total!}' devoid of phosphatase to a 4-j- 
leaction for tissue showing a maximum re- 
sponse. In both e.xperiments the same scale 
""■as used and the evaluation made onh’" on 
the phosphatase noted in the endometrium.' 

Results. The chicks on the control diet 
showed a normal increase in body weight 
throughout the e.xperiments whereas the birds 
on the synthetic diet and the diet containing 
the folic acid antagonist showed negligible in- 
oiease in weight after the 9th day. Thus the 
nal body weight of the chicks in Exp. 1 on 
antagonist diet -was 69 g while the controls 
showed a body weight of 101 g. Similarly the 
control chicks in Experiment 2 reached a 
tal weight of 158 g while the weight of the 
olio acid deficient chicks varied from 68 to 

0. Cainpljellj C. J., BroT\Ti, B. A., and Emmett, 
-t- D.. .1. Biol, Chem., 1D44, vl52, 483. 


79 g (Tables I and II). Hemoglobin values 
varied widely; however, an average drop of 
10% was obtained in the folic add deficient 
birds. In Exp. 1, treatment with estradiol 
caused a 68% increase in the oviduct weight 
of the normal bird but had no effect on the 
weight of the oviduct of the chicks recebdng 
the folic acid antagonist. Phosphatase oc- 
curred to a marked degree in the control 
chicks which showed a 3-f- reaction and only 
to a slight degree, i.e., a 1+ reaction, in the 
birds receiving the antagonist (Table I). 

In Exp. 2 the higher dosage of estrogen used 
gave a much greater effect on the weight of 
the oviduct. The oviducts of the control 
chicks treated with stilbestrol weighed 436.3 
mg whereas the oviducts of the chicks on the 
s}Tithetic and antagonist diets weighed 78.5 
and 69.2 mg respectively (Table II). The 
alkaline phosphatase was also markedly re- 
duced in the oviducts of these last two groups. 
It is apparent from an e.xamination of Fig. 1 
that a large amount of alkaline phosphatase 
is present in the chicks on the normal diet 
whereas the folic acid deficient chicks show a 
marked reduction in the enzyme regardless of 
stilbestrol treatment. 

Discussion. The present study confirms 
the work of Hertz(7) and others that folic 
acid is necessaiy for the growth-promoting 
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In a table compiled by Marshall (17) the 
cardiac indices for various animals were: Dog, 
2.86; goat, 3.07; rabbit, 1.69; and horse, 
5.84. The mean cardiac index of 2.476 for 
the present group of normal ferrets is one 
intermediate between those for dog and 
rabbit. 

Sftmmary. The mean cardiac output per 

17. ilai'shall, E. K., Harvey Lectures, 1929, 
'v2o, 64. 


minute per square meter of body surface for 
a group of 10 normal ferrets was found to be 
2.476 liters. The average circulation time bv 
the fluorescein technic was 6.8 seconds and 
4.5 seconds as determined by the cyanide 
method. The average mean arterial blood 
pressure was 147 mm Hg. Various other re- 
lated data were also tabulated. 

Eoccived November 15, 1949. P.S.E.B.M., 1949, v72. 


Amount of Alkaline Phosphatase in the Oviduct of Folic Acid Deficient 

Chicks* (17553) 

jMary Andrus and M. X. ZarrowI (Introduced by F. L. Hisaw) 

From Ihe Biological Laboratories, Harvard University, Cambridge, Mass. 


Increases in alkaline phosphatase in the 
reproductive tract following injection of es- 
trogens have been described for many ^edes. 
Hertz and Sebrell(l) first noted an impair- 
ment in the response to stilbestrol of the ovi- 
duct of chicks deficient in folic acid. This 
failure of estrogens to induce growth in the 
absence of folic acid has also been observed 
in the monkey,(2) frog, (3) and rat. (4) The 
following experiments were undertaken to de- 
termine whether the amount of alkaline phos- 
phatase in the oviduct of the chick is affected 
by a folic acid deficiency. 

Material and methods. Exp. 1. Eleven white 
leghorn chicks were obtained at hatching and 
placed in cages having elevated wire mesh 
floors. At 2 days of age 5 chicks were placed 
on a diet of chick mash, while the remainder 
were fed chick mash containing 2% folic acid 

* Aided in part bj- a grant from the American 
Cancer Society, Ino., to Harvard University. 

t Present address : Dep.artment of Biological 
Sciences, Purdue University, Lafayette, Ind. 

1. Hertz, E., and Sebrell, tV. H., Science, 1944, 


antagonist.^ Both groups received water ad 
libitum. Three birds in each group were kept 
as uninjected controls. The remaining chicks 
were injected subcutaneously with 50/tg of 
■ estradiolf in 0.05 ml of sesame oil daily for 
5 days. The injections were started on the 
1 2th day of feeding and the chicks were 
killed 24 hours after the last injection. At 
post mortem the oviducts were removed, 
weighed and placed in cold 80% ethyl alcohol. 
Histochemical studies for alkaline phosphatase 
were carried out by the method of Gomori,(5) 
in which the sections were incubated at 37°C 
for 2 hours with glycerophosphate and exam- 
ined without the use of a counterstain. Body 
weights were recorded daily and blood samples 
obtained at autopsy for hemoglobin determi- 
nations. 

E.rp. 2. A total of 38 white leghorn chicks 
were obtained at time of hatching and treat- 
ment started at 2 days of age. Thirteen of 
the chicks received tte normal diet, 13 re- 
ceived the normal diet containing 2% folic 
acid antagonist and 12 received a svmthetic 


00, 293. 

2. Hertz, E., PROC. Soc. Exp. Biol, .vnd Mep., 
48 t07. 113- 

3. ’Goiasmit!., E. D., Sebreiber, S. S., and 
igrelli, E. H, Pkoc. Soc. Exp. Biol, and Med., 

'f Hem,?; and Tullncr, Wm. W., BndocrinoU 
149 , v44, 278. 


t Wo ore indebted to Br. E. L. E. StoRstad, 
Ledcrle Laboratories, New York, for the crude 
x-metliyl folic acid used iu these studies. 

§ Estradiol was obtained through the courtesy of 
the Schering Corporation, Bloomfield, N.J. 

5. Gomori, G., /. CcU. and Comp. Fhysioh, 1941, 
rl7, 71. 
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Effects of X-!Rays and Nitrogen Mustard on Lymphatic Nodule of the 

Rabbit.* (17554) 

P. P. H. De Bruyx and R. C. Robertson (Introduced b\' I. Gersh) 

Frotu the Department of Anatomy, University oj Chicago, Chicago, III. 


The relationships between the dose and the 
histologic effects of total bod\' radiation with 
X-rays on the l}Tnphatic nodule has been re- 
ported preriously.(l) It was found that the 
sequence of histologic changes in the Kanpha- 
tic nodules is characteristic for different dose 
levels. Total body radiation of rabbits with 
SOOr and 600r at a rate of 16r per minute 
produces a rapid and complete destruction of 
the hinphatic nodule resulting in a nodule- 
free period beginning at 5 daj's with a subse- 
quent r^eneration at 21 daj's after radiation. 
hoR’er doses (400r and lower) produce only a 
partial destruction of the lymphatic nodule 
wth an immediate regeneration so that no 
nodule-free period occurs. For a detailed 
description of the changes in the Irmiphatic 
nodule after X-rays, we refer to previous 
papers. ( 1 ) The similarity between the hema- 
toteic effect of X-rays with that of nitrogen 
mustard is well known and has been reported 
hy a number of investigators. It seemed to 
us of interest to investigate whether this simi- 
larity e.xtends itself to the histologic effects on 
the lymphatic nodule and if so, to compare, on 
this basis, the degree of the effect on the 
lymphopoietic sjistem of these two agents with 
respect to their general to.\-icity to the organ- 
ism. The nitrogen mustard compound used 
for this investigation is methyl bis (B-chloro- 
ethyl) amine hydrochloride. 

The LD50 dose is taken as a measure of the 
general toxicity of X-raj's and nitrogen mus- 
tard. These are respectively 800r (LD30/30 
days) (2) and 2 mg per kg (LD50/I4 


This TTork tvas supported br a grant from th< 
®r. Wallace C. and Clara A. Abbott Memoria 
Tnnd of the TTniversitv of Cliieago. 

_1- De Eruyn, P. P. H., Anat. Rec., 1948, vlOl 
De Bmrn, P. P. H., in: Bloom, W., Eisto 
Vaihotogy of Irradiation, McCrair-HiU Book Com 
Pany, Inc., 1948. 


2. Hagen, Cb. W., and .Saclier, C.. Plnlonium 
Project Record, National Nuclear Energj' .Series. 
Dir. IV, 02B^ 1947 . 


da3's).(3) The 0.1% solution of nitrogen 
mustard was injected immediate!}’' after the 
cri'stals were completely dissolved in view of 
the instability of the compound. Eighteen rab- 
bits were injected intravenously with 2 mg 
per kg nitrogen mustard. Eleven rabbits were 
killed at the following intervals: 30 min.; 3 
hr; 8 hr; 16 hr; 24 hr; 3 dai'S, 5 days, 10 
days, 2 1 days, 6 weeks and 2 months. After 
the first 4 animals were killed, 7 of the remain- 
ing 14 died irithin 14 days after the injection. 
This indicates that the given dose was in the 
range of the LD50 for this group of animals. 
The lymphatic nodules of the mesenteric 
lymph node and the appendix were studied. 

The sequence of events in the lymphatic 
nodule of the mesenteric lymph node of the 
rabbit after nitrogen mustard is essentially 
identical with that after irradiation with the 
LD50 dose. The destruction of l}Tiiphocytes 
leads to a nodule-free period beginning at S 
days and which terminates at 21 days when re- 
generative processes are present as evddenced 
by the formation of new nodules. Comparing 
the degree of regeneration with that after 800r 
of X-rays at the same interv'al, it appears 
that the regeneration is more advanced after 
nitrogen mustard. At 2 1 days there are larger 
and more new lymphatic nodules. These 
lymphatic nodules are at this time still -without 
corona of small lymphocytes (“bare” germinal 
centers). A corona is present at 6 weeks and 
the regeneration is complete from then on. 

In contrast to the changes in the mesenteric 
h-mph node, the changes in the appendix after 
the LD30 dose of nitrogen mustard are not 
comparable with those after an LD50 dose 
of X-rays but they are similar to the results 
after the lower dose levels (400r and less). 
There is no nodule-free period, but after the 
debris has cleared up, small groups of I_vmpho- 
cytes remain in the dense masses of reticular 

3. Unpublished data, Univ. of Cliieago Toxicity 
Baboratory. 
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Pig. 1. 

Sections tlirougli oviducts, all X 32. Note that 
the heav.v deposition of alkaline phosphatase 
jircsent iii the endometrium of A and B, fails to 
occur in folic acid defieiency (C-F). 

A — Uninj. control. 

B — ^Normal diet. Inj. with stilbestrol. 

C — Synthetic diet. 

X)_Synthetic diet. Inj. ivith stilbestrol. 

E — Antagonist diet. 

F—Antagonist diet. Inj. with stilbestrol. 

action of estrogen on the reproductive tract. 
The mechanism whereby this vitamin acts in 
the growth of the tissue is as yet unexplained. 

1. Hertz, B., Ttecent Progress in Hormone Re- 
search, II, 1948, Academic Press. 


It has been suggested that folic acid may func- 
tion as a coenzyme in the synthesis of thymine- 
like compounds which are then utilized in the 
production of nucleic acid. (8) Partial sup- 
port for this concept is seen in the work of 
Prusoff ct aL{9) who showed that a decrease 
in desoxyribonucleic acid occurred when Lac- 
fobacillus casci is grown on a folic acid defici- 
ent medium. It has also been shown that amin- 
opterin not only inhibited the estrogen induced 
growth of the oviduct of the frog but caused 
an increase in the number of mitotic figures, 
conceivably by a reduction in nucleic acid and 
consequent retardation in cell division.! 10) 
The present results indicate that folic acid 
may also be essential for the deposition and 
maintenance of alkaline phosphatase in the 
reproductive tract. If this enzyme is neces- 
sary for the growth-promoting action of es- 
trogen then its absence would e.xplain the 
failure of estrogens to induce growth. Thus 
it is possible that the absence of folic acid as 
induced under the conditions of this e.xTeri- 
ment interferes with the increase in phospha- 
tase following estrogen treatment and prevents 
normal growth response. 

Siivimary. A folic acid deficiency produced 
by feeding a synthetic diet or the addition of 
crude x-methyl folic acid to a normal diet 
markedly decreases the amount of alkaline 
phosphatase in the oviduct of chicks after es- 
trogen treatment. 

8. Stokes, .1. B., J. Pact.. 1944, t4S. 201. 

9. Prusoff, IV. H., Tcply, L. J., .'tml King. C. G,, 

.T. Biol. Chem., 1948, vl7G, 1309. 

10. Goldsmitli, E. D., Sclireiber. S. S.. Nigrelli, 

R. F., Proc. Soc. Exp. Biol, .lxd Mkd.. 1949, 
v71, 461. 

Received November 1, 1949. P.S.E.B.M., 1949, v72. 
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TABLE I. 

Blood Chemicnl Deteminatioiis on 4 Cortisone-treated Babbits and 4 Control Babbits Following Pro- 
duction of Ear Wounds. 



5th post-operative day 


8th post-operative da}" 


€ 

Cortisone-treated 

rabbits 

\ ■ 

Control 

rabbits 

Cortisone-treated 

rabbits 

Control 

rabbits 


No. 55 No. 57 

No. 52 No. 56 

No. 54 

No. 58 

No. 53 No. 59 

Seram protein (g%) 

5.1 5.0 

— — 

5.7 

5.1 

5.5 6.0 

Seram albumin (g^) 

4.2 4.3 

— — 

3.S 

4.1 

3.8 4.1 

Seram sugar (mg%) 

235 170 

235 122 

294 

129 

(fasting) 

174 122 

(fasting) 

Plasma rit. C (ing%) 

— .42 

— .05 

— 

0.34 

(fasting) 

— .02 
(fasting) 


effects are achieved has not, up to the present, 
been clarified, but it has appeared to the 
writers that the action of these agents is on 
‘■host reactivit 3 L”(S) In the course of treat- 
ment of several patients with lupus erj'thema- 
tosus disseminatiis and rheumatoid arthritis 
with ACTH, it was noted that open wounds, 
such as incised' abscesses and decubitus ulcers, 
faQed to show normal granulation tissue. (5) 
One such wound, an incised abscess, did not 
form granulation tissue until 4 dar^s after 
ACTH was discontinued. Healing of aseptic 
wounds, made for biopsj', was greatly delayed 
while ACTH was administered, but these 
healed promptl)’- when the hormone was dis- 
continued. These observations raised the 
question of Tvhether the action of ACTH and 
cortisone in the “mesenchymal diseases” 
might be due to “inhibition of reactivity” of 
the coimective tissue. Patients with hyper- 
adrenalism as manifested b}’’ Cushing’s S 3 m- 
drome are known to have a disturbance of 
connective tissues as exemplified by the 
“moon” facies, formation of striae, osteo- 
porosis, increased fragility of blood vessels 
and poor healing of wounds. To test this 
hipothesis it was decided to determine 
whether the administration of cortisone might 
mhibit the normal processes of granulation in 
artificiall 3 >^ produced wounds. 

Skin wounds were made on both ears of six 
pairs of rabbits weighing between 2.4 kg and 
3-0 kg.(6) One rabbit of each pair was 

5. Bagan, C., Grobocst, A. W., and Boots, E. H., 
4iii. J. Med., Dec., 1949, in press. 


treated with cortisone according to the fol- 
lowing schedule: 12.5 mg of cortisone acetate 
was administered intramuscularly twice dail 3 ' 
for 3 da 3 'S before the wound was made and 
for 5 to 8 da 3 's thereafter until the time of 
sacrifice. The other rabbit of each pair served 
as a control and received no cortisone but was 
otherwise treated exactly the same. The 
animals were kept in a thermostatically con- 
trolled room and identical local treatment to 
prevent wound infection, as reported else- 
where, (6) was carried out in each pair. Con- 
trol and cortisone-treated rabbits ate a similar 
diet, both groups ate well and weight remained 
relativel 3 ’’ constant. 

The development of granulation tissue in 
the cortisone-treated animals was markedh’’ 
dela 3 'ed in all cases. Grossh', at both 5 and S 
da 3 'S following operation, these rabbits showed 
little or no granulation tissue and the blood 
vessels of the wound stood out clearh^ while 
the controls showed good granulation tissue 
which obscured the blood vessels. Two pairs 
of rabbits were sacrificed on the fifth post- 
operative day and two pairs were sacrificed on 
the eighth post-operative day. The remaining 
two pairs were not sacrificed but showed 
similar gross changes and are being used for 
further long-term e.xperiments. The cortisone- 
treated rabbits developed such manifestations 
of h 3 'peradrenalism as the disappearance of 
circulating eosinophils, a moderate post- 
prandial h 3 ’pm'glyccmia and a great increase 

G. Howes, E. L., Surff., Gyn. and Obs., 1943, 
t76, 738. 
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cells. Regeneration occurs from these remain- 
ing lymphocytes. 

These observations indicate that the histo- 
logic effect of nitrogen mustard on the lympho- 
poietic system is qualitatively but not quanti- 
tatively the same as the effect of X-rays at the 
same level of general toxicity. The effects on 
the mesenteric lymph node differ only slight- 
ly, the difference being a somewhat earlier 
regeneration. The difference is greater in the 
lymphatic tissue of the appendix. This 
lymphatic tissue shows changes after nitrogen 
mustard at the LDso comparable to the 
changes of the X-rays with a dose of half the 
LDso. The findings of Jacobson et a!.(A) 
demonstrating the more rapid regeneration of 
the rabbit bone marrow after nitrogen mus- 
tard as compared to X-rays and the findings 
reported here, seem to warrant the conclusion 
that the hematopoietic system regenerates in 
general more rapidly after nitrogen mustard 
than after X-rays with dose levels of the 

4. Jacoljson, i. D., Harks, E. K., Gaston, E., 
and Block, M. H., J. Lab. Clin. 2lcd., 1940, v34, 
903. 


same general to.xicity, keeping in mind local 
differences such as are reported here for the 
. mesenteric lymph node and the l>'mphaic tis- 
sue of the appendix. We have no definite ex- 
planation for these local differences. They 
may be based on differences in sensitivities of 
the lymphocytes, but it may also be that the 
instability of the compound in vivo causes 
differences in the effective concentrations in 
different organs. 

Summary. The histologic effects on the 
lymphatic nodules of the rabbit after X-rays 
and after nitrogen mustard are identical in 
nature. However, there is a quantitative dif- 
ference in the response of the Ijnnphatic 
nodules to the LDso dose of the two agents. 
The difference is minor in the mesenteric 
lymph node, where there is a slightly earlier 
regeneration after nitrogen mustard than after 
X-rays. The difference is greater in. the ap- 
pendix where the histologic changes after ni- 
trogen mustard at the LDso dose level are 
comparable to the changes aRer half the LDjo 
dose of X-rays. 

Received November 4, 1949. P.s'e.B.M., 1949, vr2. 


Effect of Cortisone on Production of Granulation Tissue in the Rabbit.* 

( 17555 ) 

Charles Ragan, Edivard L. Howes, Charles M. pLOTr,t Karl IMeyer, and 

James W. Blunt 

From the Departments oj Mediciiie and Surgery, Columbia University College of Physicians and 
Surgeons, and the Edward Daniels Faulkner Arthritis Clinic of the Presbyterian Hospital, 

New York, N. F. 


Since Bench and his co-workers(l) demon- 
strated the dramatic therapeutic effect of 
cortisone and adrenocorticotrophic hormone 
(ACTH) in rheumatoid arthritis, numerous 


* Supported in part by the Masonic Foundation 
for Stedical Eesearcli and Human Welfare, the 
XT S* P. H. S., and a grant from tlie Medical 
BwearcU and development Board, Office of the 
Surgeon Gcncrai, H. S. Army. _ , ^ 

t Postdoctorate Bese.arcb Pellow, National Insti- 
tutes of He.altb, H. S. Public HeaUh Service 
1 Hencli, P. S., Kendall, E, C., Slocumb, C. H., 
and Policy, H. F., Proc. Staff Meet., Mayo Chmc, 


m-ff! r24. 181. 


investigators have found that these agents 
exert beneficial effects in a great array of dis- 
orders. These include such "mesenchymal 
diseases” as rheumatic fever, lupus erythema- 
tosus disseminatus and periarteritis nodosa. 
(2-4). The mechanism by which therapeutic 

2. Hcncli, P. S., Slocumb, C. II., Barnes, A. R., 
Smith, H. L.. Policy, II. F., and Kendall, E. C., 
Proc. Staff Meet. Mnpo Ctinic, 1949, v24, 277. 

3. Bassett, S. IT., and White, A., ACTH Con- 
fcrence. Armour & Co, Chicago, HI, Oct. -1-—, 
1949. 

4. Howard, J. E,, ACTH Conference, Armour .k 
Co., Chicago, in., Oct. 21-22, mO. 
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Fig. 2. 

Cross-section of rabbit’s ear ivound, 124 X, eigbtli jiost-oi'erativc day, 
cortisone-treated rabbit. 

Pre-fornied blood vessels left in {be connective tissue at tbc time tbe skin 
was removed may be seen in the center of the field. Note the narrow area of 
granulation tissue with densely-packed fibroblasts. 


months before am* interference with wound 
healing is noted. Thus if this effect be re- 
lated to vitamin C deficiency the result might 
be due to impairment of utilization of avail- 
able ascorbic acid. Xo manifestations of the 
hemorrhagic diathesis were observ'ed in the 
animals receiving cortisone. This correlates 
well with clinical findings in humans since no 
manifestations of scurvy have developed in 
patients we have treated with ACTH for as 
long as 4 months, and 600-900 mg of ascorbic 
acid administered daily to patients being 
treated for rheumatoid arthritis with ACTH 
or cortisone have failed to change the bene- 
ficial effects. However, it is of interest that 
preliminary e.\'periments in the rat, an animal 
which is resistant to the development of vita- 
min C deficiency, show that wound healing 
is not modified bj' the administration of corti- 
sone in a dose of 1 mg per day per 100 g of 
rat. It is noteworthy also that the rat is re- 
markably resistant to histamine while the 
rabbit is a histamine-sensitive animal. Rats 


in general are refractory to the pharmacologi- 
cal action of most drugs and it is possible 
that the dose of cortisone was too low to affect 
wound healing. Further studies are in prog- 
ress to clarify this species difference as well as 
to attempt to “titrate" the minimal dosage of 
cortisone necessary to inhibit the growth of 
granulation tissue in the rabbit. 

Summary. 11 dehydro 17 hv'dro.vycortico- 
sterone (Compound E of Kendall, cortisone) 
administered to rabbits in large doses caused 
a delay in the development of all elements of 
connective tissue. It is suggested that the 
action of cortisone and .-^CTH on the "mesen- 
chymal diseases” is due, at least in part, to 
“inhibition of reactivity’’ of the connective 
tissue. It is furthermore suggested that the 
inhibition of the growth of granulation tissue 
in the rabbit may prove of value in assay of 
compounds active in the treatment of “mesen- 
chymal diseases.” 

Keccived November IS, 1949. P.S.E.B.M.. 1949. vT2. 
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Pia. 1. 

Gross-section of rabbit’s ear -wound, 110 X, eighth post- 
operative day, control rabbit. t,- i 

At the base is the cartilage of the rabbit's ear. Note the 
great tliickness of the granulation tissue, the presence of 
newly-formed blood vessels and the elaboration of reticubn 
fibrils. 


1 glycogen deposition in the liver. Serum 
rotein partitions in the animals receiving 
artisone were comparable to control animals. 
Table I). There was no evidence of wound 
ifection in either the cortisone-treated or 
ontrol rabbits. 

Histologically, the cortisone-treated rabbits 
t both 5 and 8 days post-operatively showed 
triking depression of new growth of all ele- 
nents of the connective tissue. (Fig. i and 
The height of the granulation tissue 
formed was markedly decreased. Few, if any 
lew blood vessels could be seen. On the 
Sith post-operative day, fibroblasts m com- 
S arrangement were present in nests about 

"™n“S;-"..'be„„ch,assc»„p.c. 


Fibrils appeared between the fibroblasts and 
there was more ground substance as deter- 
mined roughly by metachromasia with tolui- 
dine blue stains and by the Hale(7) stain. 

This suppression of all new elements of the 
connective tissue is similar to that seen in 
scurvy. Plasma ascorbic acid levels in the 
cortisone-treated rabbits tended to be some- 
what lower than the control rabbits but the 
levels did not reach zero in the plasma. In 
this connection it is of interest that low as- 
corbic acid levels have been observed in our 
clinic in three patients with Cushing^s S 3 ’n- 
drome. In the production of scurvy by de- 
ficiency of vitamin C, complete disappearance 
of this vitamin from the plasma is found 


7. Hale, C. TV., Katurc, 1946, vl57, S02. 
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ADRENALS INTACT ADRENALS OUT 



Fio. 2. 

Effect of cortisone on tlie blood pressure of intact and ndrenalecti'inized rats given anti- 
bidney serum. 

Aver. = Avg vreekly blood pressure of all rats in group. 

Max. and Min. = Highest and lowest individual blood pressure rcadin(;s each week. 

AKS = Eabbit anti-rat kidney serum given at time indicated by arrow. 

.tlHEi =; Bilateral adrenalectomy performed at time indicated by arrow. 

Cpd E = Cortisone. Duration of administration indicated by solid black bar. 


impressive tveight gain was evident within the 
first week after serum administration while 
the rats were receiving 5 mg of cortisone daily, 
"piis correlated itith the development of edema 
in these animals. Subsequently and concomi- 
tantly with a decrease in cortisone dosage to 
2.S mg dailj', the edema disappeared with a 
corresponding loss of weight. The differences 
in growth of Groups I and 11 are of doubtful 
significance, owing to the fact that the rats of 
Group II had attained greater growth than 
those of Group I when the e.xperiment was be- 
gun. 

in Fig. II the blood pressure readings are 
presented in graphic form. No significant 
change in blood pressure occurred during the 
4 weeks of observation after the administra- 
tion of anti-kidney serum in the group which 
did not receive cortisone (Group I). In the 
second group, which received cortisone, a 
moderate rise in blood pressure occurred dur- 
ing a similar period of time. These changes 
'''■ere in the same direction but less striking 
than had been observed prerioush’’ in nephritic 
nats given DC.A in comparable dosage. (5) In 
the group of adrenalectomized rats given 
cortisone (Group III), htqiertension appeared 
and was of a much more impressive degree 
than in Group II. 

In Table I the results of the chemical de- 
terminations are tabulated. Comparison of the 


values obtained in the first and second groups 
shows no significant differences with the pos- 
sible e.vception of the serum cholesterol, which 
was somewhat more elevated in the group re- 
ceiving cortisone. In the adrenalectomized 
group (III) given cortisone, the highest value 
for serum sodium was obtained. 

The averages and range of weights for the 
various organs are presented in Table II. Be- 
cause of the varjlng size of the animals and 
because the groups were comprised of varying 
numbers of males and females, interpretation 
of the results is difficult. However, cardiac 
and renal hjiiertrophy was not observed in 
the cortisone treated groups (II and III) in 
the degree previously noted with DC.A.(5) 
On the other hand, the well known atrophy of 
thjTnus and of adrenals was apparent in the 
cortisone injected animals. 

In Table II the data pertaining to histo- 
logical e.vamination of the kidneys is included. 
The majorit 3 " of animals in all 3 groups showed 
evidence of nephritis, involving glomerular, 
tubular and interstitial elements. Thus, corti- 
sone failed to prevent the establishment of 
nephritis caused bj- anti-kidney serum. A 
comparison of the severin' of the nephritis in 
the different groups is hazardous because of 
the small number of animals employed and 
because this form of renal damage exhibits 
considerable variation from animal to animal. 
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The Development of Hypertension and Nephritis in Normal and 
Adrenalectomized Rats Treated With Cortisone » (17556) 

Abbie I. Knowlton, Emily N. Loeb, Herbert C. Stoerk and Beatrice C. Seegal 

From the Deparlvients oj Medicine and Bacteriology, Columbia University, Neio York City, and 
the Merck Institute for Therapeutic Research, Rahway, N. J. 


The following studies were undertaken to 
determine the influence of cortisone upon the 
development of hypertension and nephritis in 
rats. Observations have been made upon 
adrenalectomized as well as intact animals. 

Procedure. Twenty-three 2 to 3 months 
old male and female rats of the Long-Evans 
strain were divided into 3 groups. In the 8 
animals in each of the first 2 groups the 
adrenals were intact, while the seven animals 
of the third group were bilaterally adrenalec- 
tomized at the beginning of the experimental 
period. The animals were fed a modification 
of the McCollum stock diet,(l) adjusted to 
contain 1.7% sodium chloride. In addition, 
all 3 groups received 0.85% saline as drink- 
ing water. All animals were injected intra- 
venously on 3 successive days ivith rabbit anti- 
rat kidney serum,(2) totalling 0.8 cc. Group 
I received only the cytotoxic serum; Group II 
received, in addition, daily subcutaneous in- 
jections of 2.5 mg of cortisone starting one 
week prior to the administration of anti-kidney 
serum. In Group III, cortisone was begun 
8 days after adrenalectomy and immediately 
following the anti-kidney serum injections, in 
the dosage of S mg daily; after the first week, 
the daily dose was reduced to 2.5 mg. 
Blood pressure deternunations were made at 
approximately weekly intervals on all rats. 
The indirect plethysmographic method origin- 
ally described by Williams, Harrison and 
Grollman(3) and later modifie d by Sobin(4) 

This inrestigatioa was supported, in p-irt, by 
a research gr.'int from the National Heart Insti- 
tute, U S. H. H. S., and was aided through the 
•renerosity of the Albert .and Mary Lasher Foun- 


Loeb E. N., Knowlton, A. I., Stoerk, H. C., 
Seeg.al, B. C.. J. Fxp. Med., 19-19, v89, 287. 
Smadd, X E., X Fxp. Med., 1936, v64 921. 
WiiKams, X B., Harrison, T. M, and Groll- 
A, X Clin. Invest., 1939, vl8, 3i3. 

'Sobin, S. S., Am. X nilsioL, 1946, rl46, 1<9. 


was employed and the results are recorded as 
previously outlined by these authors.(S) The 
growth of the animals was recorded. At the 
conclusion of the period of observation, 4 to 
5 weeks after the administration of anti-kidney 
serum, the rats were anesthetized with ether, 
without prior fasting, then bled and sacrificed. 
Determinations of serum sodium were made 
using a flame photometer with an internal 
standard having an accuracy of -i:l%.(6) 
In addition, determinations of urea nitrogen 
were made in all groups, and, in the 2 groups 
of intact rats, of serum carbon dioxide con- 
tent, chlorides, sugar and total cholesterol us- 
ing standard methods. The weights of heart, 
kidneys, thymus and the adrenal glands were 
recorded. No adrenal tissue was found in the 
operated animals (Group III). Sections of 
kidney were fixed in Zenker’s fluid and stained 
with hematoxylin and eosin for histological 
study. Sections of the pituitarj^ were stained 
by Masson’s technic. 

Results. In Fig. 1 growth curves are pre- 
sented. In the adrenalectomized group a most 
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AKS =: Babbit anti-rat kidney senini. 
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5. Knowlton, A. I., Loeb, E. IC., .Stoerk, H. C., 
and Seegal, B. C.. X Exp. Med., 1947, v85, 187. 

C. Berry, ,T. W., Chappell, D. G., and Barnes, 
B. B., Indiist. and Eng. Chem. {Anahjiical), 1946, 
rlS, 19. 


o 


>- 

a 

o 

ca 


zts 


zoo 


175 


ISO 


AKS 


E 

>' I / 'x 

.-^lA 


AD8» 


^0 



Cortisone in Nephritic Rats 


725 


this steroid might interfere with the develop- 
ment of a c.vtotoxic serum nephritis, tlie mecli- 
anism for which is likewise presumed to de- 
pend upon some form of sensitization. The 
results indicate that the administration of cor- 
tisone, even when given prior to the injection 
of antikidney serum, as in Group II, failed 
to prevent tlie development of nephritis. Since 
this form of nephritis represents, at least 
initiall)-, the result of the introduction of 
preformed antibodies, these findings do not 
e-xclude the possibility that cortisone may in- 
fluence the mechanisms involved in active anti- 
body production. 

In e.\periments with nephritic rats pre- 
viously reported, (5) desoxycorticosterone ace- 
fate (DC.'\), when injected dailv in doses 
of 2.5 mg over a period of weeks, pro- 
duced striking hypertension. The pre.sent 
study indicates that cortisone, a steroid which 
differs from DC.A in many of its physiological 
properties, has an effect upon the blood pres- 
sure qualitatively similar to DC.-V. However, 
in the animals with intact adrenal glands, the 
hypertension produced by' cortisone was far 
less impressiv'e than that seen prev'ioush' with 
DCA, particularly so since in the present 
study a considerably higher sodium chloride 
intake was given. On the other hand, in the 
adrenalectomized rat given cortisone the 
hypertension is striking, and suggests the pos- 
sibility that in the intact animals, the presence 
of other adrenal steroids tends to counteract 
the pressor effect of this steroid. The develop- 
ment of hv'pertensfon during cortisone ad- 


ministration in the adrenalectomized rat with 
renal damage is in keeping with the pre- 
vious work of Guadino.(7) Working with 
rats made hypertensive by a combination of 
unilateral nephrectomy' and wrapping the re- 
maining kidney with gauze and collodion, he 
observed a fall in blood pressure to follow 
adrenalectomy. Subsequently, cortisone in- 
jections led to a reappearance of the hy'per- 
tension. 

In the rats currently reported, the striking 
hypertension which appeared in the cortisone 
treated adrenalectomized group could not be 
correlated m'th a greater degree of nephritis 
in these animals inasmuch as renal lesions of 
comparable severity were observed in the other 
two groups. 

SuwfNory. 1. The administration of corti- 
sone did not prevent the development of ex- 
perimental cytoto.xic serum nephritis in the 
rat. 

2. Moderate hv’pertension developed in 
nephritic rats with intact adrenal glands when 
injected with cortisone, whereas striking hy- 
pertension appeared in adrenalectomized 
nephritic rats similarly' treated. 

3. The nephritic rats rendered hy'pertensive 
by the administration of cortisone presented 
no greater histological evidence of renal dam- 
age than did normotensive control nephritic 
animals. 

7. Guadino, N. M., Her. Aracnt. etc JSioL. 1044, 
v20, 470. 

Heccived Oetuher 31, 1949. P.S.E.B.3I., 1949, v7‘2. 
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TABLE I. 

Results of Chemical Dotcrniiiiatioiis. 


Group 

I 

II 

II 

Adrenals 

Intact 

Intact 

Out 

Regimen 

AKS 

Cortisone and .tlKS 

AKS and Cortisone 

Serum.sodium, mEq/L 

136.4' 

139.2* 

143.51 

Serum COo content, mEq/L 

23.0* 

24.8* 

^ 

Serum chlorides, mEq/L 

98.0’ 

98.2* 

— 

Serum sugar, mg/100 cc 

174.0* 

164.0* 

— 

Serum urea nitrogen, mg/100 ec 

22.0’ 

24’ 

22t 

Serum cholesterol, mg/100 cc 

282* 

330* 




AKS = Eahbit anti-rat kidney serum. 

* EesuUs based on pooled sera from all animals, 
t Results based on average of iiidividual determinations on 6 animals. 


Body and Orga 

TABLE II. 

n lyeights. Incidence of Kephritis. 


Group 

I 

11 

in 

Adrenals 

Intact 

Intact 

Ont . 

Regimen 

AKS 

Cortisone and AKS 

AKS and Cortisone 

No. of rats in group 

8 

8 

7 

Ko. of 

4/4 

o/S 

5/2 

Body wt at sacrifice (g) 

Avg 

Range 

225 

170-346 

210 

152-265 

.102 

145-179 

Kidney wt (g) 

Avg 

Range 

2.71 

1.95-3.36 

2.70 

1.94-3.08 

2.40 

1.50-4.24 

ISTo. of animals showing nephritis 

7/71 

5/01 

5/7 

Heart wt (g) 

Avg 

Range 

.89 

.77-.98 

.91 

.75-1.13 

.82 

.00-1.18 

Thymus wt (mg) 

Avg 

Range 

141 

105-173 

40 

21-87 

49’ 

38-01 

Adrenals wt (mg) 

Avg 

Range 

SO Q 

42.8-67.6 

31.1 

18-44.4 



AKS =r Rabbit anti-rat kidney serum. 
» Avg of 6 animals, 
t Tissues of remaining animals lost. 


The lesions aopeared to be of no greater 
severity among the two h5Tertensive groups 
(II and III) than among the normotensive 


r.” Philip E. Smith, who was kind enough 
wmiue the pituitary glands of th^e rats 
vidence of hvalinization of basophilic cells 
scribed bv Crooke in Cushings Syndrome. 
S no significant differences between con- 


trol and cortisone injected animals. However, 
he has emphasized that the histological dif- 
ferentiation of rat pituitary gland is not wholl.v 
satisfactory. 

Discussion. Cortisone has been reported to 
cause striking remissions in certain diseases in 
which antigen-antibody reactions are believed 
to plav a role. The present study was de- 
signed' to investigate whether the injection of 
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Mercury, renal tuhular transfer, p-aminohip- 
purate. glucose. 408. 

Methadone. 347. 

Methionine deficiency, enzymes. 386. 

Mitosis, homologous tissue. 568. 

Mononucleosis, serum sickness. 693. 

Muscle, eserine. 17. 
phosphate.-. 454. 

Mustard, nitrogen, .x-ray, lymphatic nodule. 
717. 

Myocardium, coenzyme A. 486. 

Neoplasia, serum antitrypsin. 100. 

Neoplasm lymphosarcoma, estrogenic hormone. 
632. 

papillomas, virus-like particles. 46. 
sarcoma, triazolopj-rimidines, 565. 
tumor, hormone. 676. 
hypophyseal graft. 547. 
sulfomucopolysaccharides. 142. 

Neoplastic disease, trypsin. 354. 

Nerve Stimulation, peripheral, electroenceph- 
alograph. 420. 

Nervous sj-ndrome, phenylalanine. 349. 
system sympathetic activity, capillary circula- 
tion. 592. 

tissues, beta rays. 34, 

Neurological lesion, irradiation. 432. 

Nicotinic acid, trj-ptophane. 653. 

Nitrogen balance, amino acids. 589. 

Nutrition, sterols. 645. 

Ohesity. 604. 

Ovulation, adenohypophysis. 174. 

Oxygen pressure. 476. 

saturation, blood. 180. 

Oxythiamine, growth. 165. 

Para-aminohippurate, 616. 

Parkinsonism, electroencephalogram. 95, 
Permeability, hyalurouidase, steroids. 136, 
Phenolsulfonephthalein. 558. 

Phosphatase, alkaline, folic acid deficiency. 714. 
Phosphate, muscle. 454. 

Pilocarpine, epinephrine. 622. 

Plasmapheresis, prothrombin. 52. 

Poliomyelitis, malomonitrile, IS. 
virus. 398, 532, 534. 
globulin. 259. 

Pollen, antigens. 287. 

Polysaccharides, tumor. 142. 

-muco, tissue granulation. 526. 

Porphyrin, Rose Bengal, tiltraviolet light. 292. 


Potassium tellurite. 175. 

Pregnancy, diabetes, 658. 

Procaine hydrochloride, eiiinephrine, anes- 
thesia. 161. 

Prostigmin. 301. 

Protein, irradiation. 487. 

-muco, plasma. 106, 110.. — 

Proteinuria. 608. 

mercurial diuretics. 682. 

Prostate, amino acid, androgen. 93. 
Pteroylglutamic, ascorbic acid, glycine. 262. 
Pulmonary edema. 421. 

Pyridoxine, leucocytes. 457. 

Quinones, dental caries. 669. 

Radioactive iron. 639. 

Radioautograpfas. 117. 

Rays, beta, nervous tissues. 34. 

Reproduction, Vit. B32. 598. 

Retina, regeneration. 382. 

Rhenium, thyroid. 503. 

Selenium poisoning. B.\L. 196. 
Sensitization-auto, blood cells. 411. 

Sensitivity, sernm. 21. 

Sex hormone, adenoma. 282. 

Shock, electroconvulsive, nest bujlding. 270. 
Sodium chloride, b'mphagogue. 551. 

tetrathionate. 207. 

Sugar, blood. 171. 
acetylcholine. 249. 
insulin, lysozyme. 465. 

Temperature, body. 310. 

Thiomerin, cardiodepressive effects. 572. 
Thrombocytes, metakaryocj-tes. 192. 
Thromboplaslic agent, plasma. SO. 

Tissue granulation, mucopolysaccharide. 526. 

homologous, mitosis. 568. 

Tootb decay, glyceric a!dehyde._ 326. 
Triazolopyrimidines, sarcoma. 565. 

Trichina precipitin reaction, neoplastic disease. 
354. 

Trichomonas vaginalis, aureomycin. 674. 
Tryptophane, nicotinic acid. 653. 

Tuberculosis, antibiotics. 283. 
aureomycin. 45. 

Ulcer, cinchophen. 428. 

Uremia, vit. Bjo* 613. 

Urinary e.xcretion, ketosteroids. 584. 

Verairum viride, h3-pertension. 302, 

Virus agglutination, erj-throcj-tes. 223. 
Coxsackie. 434, 636, 
hemagglutination, influenza. 227, 

Herpes simple.x. aureoms-cin. 560. 
influenza. 680. 
ht-potension. 272. 
immunological response. 507. 
vit. D, 60S. 

“ifil,” Congo Red. 275. 
mumps. 145. 

Newcastle disease. 163. 
papillomas. 323. 

pleuropneumonia-like organisms. .129. 
poliomj-elitis. 153. 398. 
globulin. 259. 
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Diaphragm, pbrenicotomy. 482. 

Dibutoline, gastric secretion. 213. 

Dicumarol, labile factor. 232. 

Diet restriction, Theiler’s virus. 528! 

Digiloxin, renal e.xcretion. 4^. 

Diphtherial toxins, electrocardiographic 
changes. 58. 

Diuretics, mercurial, cardiodepressive effects. 
577. 

glomerular filtration. 201, 
proteinuria. 682. 


■Edema, antihistaminic drug. 122. 
pulmonary. 421. 

Electrocardiographic changes, diphtherial tox- 
ins. 58. 

Electroconvulsive shock, nest building. 270. 
Electroencephalogram, hemorrhagic shock. 
641. 

Parkinsonism. 95. 

Electrogram, cortex, Tolserol. 446. 

Embryonic development, egg white. 4/9.' 
Encephalitis, brain tissue. 289. 
Encephalograph, peripheral stimulation. 420. 
Encephalomyelitis, allergic. 341. 

Enteritis, lysozyme titre. 220, 

Enzymatic hydrolysis, benzoylarginineamide. 
236. 

Enzymes, brain. 60, 
hyaluronidase. 629. 

steroids, permeability. 277. 
permeability, steroids. 136. 
inhibition, chemotherapy. _ 1. 
lipase, histochemical localization. 697. 
phosphatases. 449. 
trypsin inhibitors. 330, 
coenzyme A, myocardium. 486. 
conjugase, egg yolk. 39. 
serum, bacterial activator. 703. 

Epilation, irradiation, parabiosis. 266, 
Epinephrine, adrenergic blocking agent. 114. 
antihistaminics. egg white edema. 510. 
pilocarpine. 622. 

procaine, hydrochloride, anesthesia. 161. 
Ergot products. 13. 

Erythrocytes, bacterial toxins. 606. 
irradiation. 27. 
viral agglutination. 223. 


Fasting blood sugar level. 171. ^ 

Tat emulsion, intravenous infusion. 54u. 
Eeeding regime, rats. 198. 

FluorocardtograpKy, respiration. l5D. 
F*luoroesceiii fluoroescence, capillsrj circuia" 

tion. 594. 

■ Eolic acid deficiency, alkaline phosphatase. 714. 
non-anemic patient. 392. 

Trostbile, heparin. 130. 
infection. 127. 

Tructose determination. 3 d1. 


stric secretion, dibutoline, 213. 

inds, cottonseed pigment, ferrous sulfate. 


44 

,hulin, poliomyelitis virus. 259 
.merular filtration, mercurial diuretics, 
itamine, inanition. 6 ■ 

rceric aldehyde, tooth decay. 326. 


201 . 


GlycerophospKatases, kidney. 373, 

Glycine, pferoylglutamic, ascorbic acid. 262. 
Glycogen, leucocytes. 209. 

Glycols, hemolytic activity. 384. 

Glycoprotein, IVhipple’s Disease. 225. 
Goiterogenic action, iodide. 250. 

Granulation tissue, lysozyme content. 38. 
Growth, liver. 648.- 
oxythiamine. 165. 

Guanine, adenocarcinoma. SOI. 

Haloacylamides, vaccinia virus. 169. 

Hearing, anti-stiffness factor. 172. 
Hemagglutination, arthritis. 316. 

Coxsackic virus. 636. 
virus, influenza. 227. 

Hemolytic activity, glycols. 384. 

Hemorrhagic shock, electroencephalogram. 641. 
Heparin, frostbite. 130. 

Histamine, epinephrine, egg white edema. 510. 
serum disease. 439. 
shock, chromatography. 626. 

Histochemical localization, lipase. 697. 
Hormone, estrogenic, lymphosarcoma. 632. 
estradiol, testes. 306. 
estrogen, blood. 187. 
gonadotrophin. Vit, E. 523. 
ketosteroids, urinary excretion. 584. 
pituitary-adrenal relationship. 638. 
sex, adenoma. 282. 
steroids, adrenal cortical. 395. 
bacterial glucuronidase. 297. 
desoxycorticoslerone. 700. 
hyaluronidase, permeability. 277. 
permeability, hyaluronidase. 136. 
sterols, nutrition. 645. 
testosterone, thyroid. 218. 

Vit. A. 436. 

thyroxine, lymphoid tissue. 42. 
thyroid, rhenium. 503. 

testosterone. 218. 
tumor. 676. 

Hydrogen peroxide, gasometric determination. 
32. 

Hypertension, Veratrum -jiride. 302, 

Hypophyseal graft, tumor. 547. 
Hypophysis-adeno, ovulation. 174. 

Hypotension, nutritive failure. 368. 

Inanition, glutamine. 651. .r- 

Infection, frostbite. 127. 

Inflammation, serum polysaccharide. 294. 
Inositol, serum cholesterol, diabetes. 376. 

Insulin, blood sugar. 465. 

Intravenous infusion, fat emulsion. 543. 

Inulin determination. 351. 

Iodine, radioactive, plasma level. 474. 
goiterogenic action. 250. 

-13), urine. ISS. 

Iron, radioactive. 639. 

Irradiation, erythrocytes. 27. 
neurological lesion. 432. 
proteins. 487. 

Kidney, artificial. 539. 

Leukemia, antisera. 66x 
_ pyridoxine. 437. 

' glycogen. 209. 

Lipids, fish. 418, 
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purification, protamine. sulfate. 662. 
strains, serologic differences. 30. 
Theiler’s, diet. 528. ■ . ’ • 

vaccinia. 169. - ' T 

-like particles, papillomas. 46. 

Vit. A deficiency, maternal. 687. 
testosterone. 436. ■ ' 

Bi 2. 102, 388, 643. 
assay. SIS. 
distribution. 479. 


reproduction. S98. 
uremia. 613. 
biotin, amino acids. SS6. 

D, influenza virus. 69S. 

E, gonadotrophin. 523. 
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